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@ A novel compound of the formula: 



O Ri 
II I 
Ar— C— (CH)„-Y 



(I) 



wherein Ar represents an optionally substituted tricyclic condensed benzene ring group which includes at least 
one heterocyclic ring as a component ring; n represents an integer from 2 to 10; R' represents H or an 
optionally substituted hydrocarbon group, which may be different from one another in the repetition of n; and Y 
represents an optionally substituted 4-piperidinyl, 1-piperazinyl or 4-ben2yl-1-piperidinyl group, or a salt thereof, 
inhibiting excellent cholinesterase inhibitory activity and monoamine reuptake inhibitory activity, thus being 
useful as therapeutic and/or prophylactic medicaments of senile dementia. 
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The present invention relates to a pharnnaceutical, nnore specifically a cholinesterase inhibitor, particu- 
larly a therapeutic and/or prophylactic agent for senile dennentia, Alzheimer's disease, etc.. a novel tricyclic 
condensed benzene connpound as an active ingredient thereof, a salt thereof, and a nnethod of production 
thereof. 

To nrteet the demand from the aging society, there have been proposed various compounds exhibiting 
therapeutic and/or prophylactic action against senile dementia, including naturally occurring physostigmine, 
a cholinesterase inhibitor [e.g., International Journal of Clinical Pharmacology, Therapy and Toxicology, Vol. 
29, No. 1, pp. 23-37 (1991)]. However, physostigmine has drawbacks such as short duration of action and 
strong toxicity. 

On the other hand, synthetic tricyclic condensed ring compounds showing various modes of 
cholinesterase inhibition have been proposed (USP 4,895,841 corresponding to JP-A-2(1990)-1 69569, EP-A- 
0,441.517 corresponding to JP-A-4(1992)-234845, USP 5,106,856). 

USP 4,895,841 discloses a cyclic amine derivative represented by the general formula: 



wherein J represents 

(a) a substituted or unsubstituted ® phenyl group, © pyridyl group, (3) pyrazyl group, 0 quinolyl 
group, (5) cyclohexyl group, ® quinoxalyl group or Q) furyl group, 

(b) a monovalent or divalent group selected from the following groups optionally substituted with a 
phenyl group; ® indanyl, ® indanonyl. Q) indenyl, @ indenonyl, (g) indandionyl, ® tetralonyl, Q) 
benzosuberonyl, (§) indanolyl, (D a group represented by the formula: 



(c) a monovalent group derived from a cyclic amide compound, 

(d) a lower alkyi group, or 

(e) a group represented by the formula Ri-CH = CH- (R' represents a hydrogen atom or a lower 
alkoxycarbonyl group); 

B represents a group represented by the formula -(C(R2)H)n-, a group represented by the formula -CO- 
(C(R2)H)n-, a group represented by the formula -NR2-(C{R2)H)n- (in these formulas, R^ represents a 
hydrogen atom, a lower alkyI group, an acyl group, a lower alkylsulfonyl group or an optionally substituted 
phenyl group or a benzyl group), a group represented by the formula -C0-NR'^-(C(R2)H)n- in which R^ 
represents a hydrogen atom, a lower alkyI group or a phenyl group, a group represented by the formula 
-CH = CH-(C(R2)H)n-, a group represented by the formula -0-C00-(C(R2)H)n-, a group represented by the 
formula -0-CO-NH-(C(R2)H)n-, a group represented by the formula -NH-C0-(C(R2)H)n-, a group represented 
by the formula -CH2-CO-NH-(C(R2)H)n-. a group represented by the formula -C0-NH-(C(R2)H)n-, a group 
represented by the formula -C(OH)H-(C(R2)H)n- (in the above formulas, n represents an integer from 0 to 10; 
R2 represents a hydrogen atom or a methyl group in such way that the alkylene group represented by the 
formula -(C(R2)H)n- has no substituent or has one or more methyl groups), a group represented by the 
formula = (CH-CH = CH)b- in which b represents an integer from 1 to 3, a group represented by the formula 
= CH-(CH2)c- in which c represents an integer from 0 to 9, a group represented by the formula =(CH-CH)- 
ci= in which d represents an integer from 0 to 5, a group represented by the formula = CO-CH - CH-CH2-, a 
group represented by the formula -CO-CH2-C(OH)H-CH2-, a group represented by the formula -C(CH3)H- 
CO-NH-CH2-, a group represented by the formula -CH = CH-CO-NH-(CH2)2-,a group represented by the 
formula -NH-, a group represented by the formula -0-, a group represented by the formula -S-, a 
dialkylaminoalkylcarbonyl group or a lower alkoxycarbonyl group; 

T represents an atom of nitrogen or carbon; 

Q represents an atom of nitrogen or carbon or a group represented by the formula ) N — O; 

K represents a hydrogen atom, a substituted or unsubstituted phenyl group, an arylalkyt group 





CH3 
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optionally substituted with phenyl group, a cinnamyl group optionally substituted with phenyl group, a lower 
alkyi group, a pyridylmethyl group, a cycloalkylalkyi group, an adamantanemethyl group, a furylmethyl 
group, a cycloalkyi group, a lower alkoxycarbonyl group or an acyl group; q represents an integer from 1 to 
3: 

5 rrrr. Represents a single bond or a double bond or a pharmaceutically acceptable salt thereof. 

Specifically, the same publication describes the following tricyclic condensed ring compounds: 




45 

EP-A-0,441 .517 describes a tricyclic amine compound represented by the formula: 
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ZZIL\T^T, arc o T ^-^f Piperidino-1-y,-methy. group or ar, N-substituted 

sXr Hnn I ^ ^ ^^^^^^^"'^ ^^^bon or nitrogen; E represents carbon, nitrogen, oxygen or 

sulfur, rng A ,s an aromatic nng such as of benzene, pyridine or thiophene and a pharmaceuica 
composition containing It as an active ingredient pnarmaceutical 

ri 2l?indolTonf' T?:!r^^ ' con^poor^6 of formula [I], having ring system ABD of 1H-pyrrolo- 
[1^2-a]indol-1-one. cyclopento[d],ndol-3-one. cyclopento[b](benzo[b]thleno)-1-one. 1H-pyrrolof1 2-a1(6-aza n- 
a oharm^cr r'T^' .2-a](thleno[2.3-b]pyrrolH -one. possesses chollnesterase inhibit' ^ let v'y an" h^^^ 
le^Z^^TT^''^"''' T " ^"^^'"^ '"9^^^'^"' «"'^«"<=«s "^e^iory in patients with 

^ ^ the fo,Jwlng'formuTa.rr 



75 
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USP 5,106,856 describes a compound represented by the formula: 



25 



30 




35 



wherein X represents a hydrogen atom, a hydroxyl group, a nitre group, a lower alkyi group or a lower 

Oc7oZun^"''TT " ^ ^ ^ bind togZr t form an 

OCH.O group. Specifically, a compound represented by the following formula, for example is descrlh J 




45 



50 



However, none of USP 4,895,841. EP-A-0 441 517 snH ii<5 ^ in« qcc ^- ^- . 

concerning a tricyclic condensed ring 00^^:^:::^^:'^'^^:: Z^^^Z^^T^ 
substituted p^endino-1-yl-ethyl group, as a substltuent. Is bound to a benzene ring thereof vrfclrbonvl 
group though they disclose tricyclic condensed ring compounds wherein an N-sui itSe^p pehc^ntH 
1^7::T' P'Peridino-1-y.-ethyl group Is bound directly to the heterocyclic r,.^ oZZT::i 

formula^' '"^'^ corresponding to JP-A-54(1979)-22333 discloses a compound represented by the 



55 



R-C0-CHR'^-R7 

Tri^'lZTcHYz'r ' 2-dibenzothleny. group: represents atom or group such as H; 

M represents -(CH2)n-Z (n represents an integer from 1 to 3- Z reoresent*? .nrir2 /ri d2 - ^ 
«n„v rep«,.„. H or a C. a..,, .roup. an. I t-ndtoTor'ornraSra;",;:,^.; 
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or a 3-oxypentamethylene group), as an intermediate for the synthesis of a basic thioether compound 
possessing antifungal, antibacterial, antiinflammatory and other activities, but gives no disclosure concerning 
cholinesterase inhibitory action or therapeutic and/or prophylactic drug action against senile dementia. 

EP-A-0, 117,233 corresponding to J P-A-59( 1984)- 167546 describes a compound represented by the 
5 formula: 



O 



w 




wherein Ar represents a structure such as the following: 

15 

aoXr 

20 

(Z represents a direct bond, a -CH2- group, a -CH2CH2- group or an -O- group); X represents the amino 
group -N(R^i)(R^2) jp which R^^ represents a hydrogen atom, an alkyi group having 1 to 12 carbon atoms, 
an alkyI group having 2 to 4 carbon atoms substituted with one or more groups selected from the group 

25 consisting of the OH, alkoxy groups having 1 to 4 carbon atoms, CN and -COO-C1 alkyI groups, an 
alkenyl group having 3 to 5 carbon atoms, a cyclohexyl group, a phenylalkyl group having 7 to 9 carbon 
atoms, a phenyl group, or a phenyl group substituted with Cl, an alkyI group having 1 to 4 carbon atoms. 
OH, an alkoxy group having 1 to 4 carbon atoms or a -COO-Ci -4 alkyI group; R^^ and R^ may bind 
together to form a -CH2OCH2- group; 

30 R12 represents one of the groups specified for W\ or R'^ and R^^ pri^y together to form an 

alkylene group having 5 to 7 carbon atoms or an alkylene group having 3 to 7 carbon atoms containing an 
-O- group, an -S- group or -N(R''^)-; R'^ and R^ may bind together to form an alkylene group having 1 to 8 
carbon atoms, a phenylalkylene group having 7 to 10 carbon atoms or an oxyalkylene group having 2 to 4 
carbon atoms or an azaalkylene group; 

35 R' and R^ independently represent a group such as an alkyI group having 1 to 8 carbon atoms. 

Specifically in this reference, a compound represented by the following formula, for example, is 
described as a photosetting coloring composition. 



40 




45 

However, that publication gives no disclosure concerning cholinesterase inhibiting action or therapeutic 
and/or prophylactic drug action against senile dementia. 

To cope with the increasing incidence of senile dementia, there is a need for the development of an 
excellent therapeutic and/or prophylactic agent for senile dementia which exhibits more potent action for a 
50 longer duration with lower toxicity, in comparison with conventional compounds known to possess therapeu- 
tic and/or prophylactic activity against senile dementia. 

With this situation in mind, the present inventors investigated the bioactivities and pharmacologic 
actions of various heterocyclic compounds, including new ones, and stumbled upon the fact that a tricyclic 
condensed benzene derivative of unique chemical structure, which is characterized by an optionally 
55 substituted amino-alkyi or nitrogen-containing saturated heterocyclic-alkyi group being bound to the ben- 
zene of the tricyclic condensed benzene ring via a carbonyl group possesses unexpectedly excellent 
therapeutic and/or prophylactic activity against senile dementia based on its unique chemical structure. 



5 
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The present inventors made further investigations based on this finding, and developed the present 
invention. Accordingly, the present invention relates to: 

(1) a connpound of the fornnula: 

O Ri 

Ar — c— (CH)n— Y ^ 

wherein Ar represents an optionally substituted tricyclic condensed benzene ring group which includes at 
least one heterocyclic ring as a component ring; n represents an integer from 2 to 10; represents a 
hydrogen atom or an optionally substituted hydrocarbon group, which may be different from one another 
in the repetition of n; and Y represents an optionally substituted 4-piperidinyl, l-piperazinyl or 4-benzyl-1- 
ptperidinyl group, or a salt thereof, 

(2) a method of producing the compound (I) or a salt thereof, which comprises reacting a compound of 
the formula: 

Ar-H (H) 

wherein Ar has the same definition as above or a salt thereof, with a compound of the formula: 



O Ri 

Zi_^_(iH)n_Y (ni) 

wherein R\ Y and n have the same definitions as above; and represents a leaving group or a salt 
thereof, 

(3) a method of producing a compound of the formula: 



O Ri 
Ar _ c — (CH)n— Y" 

wherein Y" represents an optionally substituted 1-piperazinyl or 4-benzyl-1 -pipertdinyl group, and the 
other symbols have the same definitions as above or a salt thereof, which comprises reacting a 
compound of the formula: 



O Rl 

Ar — c — (CH)n— Z2 (IV) 

or a salt there of with a compound of the formula: 
Z3-Y" (V) 

wherein and Z^ are groups capable of reacting with each other to be removed; and the other symbols 

have the same definitions as above, or a salt thereof, 

(4) a cholinesterase inhibitor containing a compound of the formula: 



6 
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Ar 



O Ri 
II I 

C — (CH)„— y 



(D 



wherein n' represents an integer from 1 to 10; may be different from one another in the repetition of 
n'; Y' represents an optionally substituted amino group or an optionally substituted nitrogen-containing 
saturated heterocyclic group; and the other symbols have the same definitions as above, or a salt 
thereof, 

(5) a therapeutic and/or prophylactic agent for senile dementia which contains the compound (1') or a salt 
thereof and so on. 

The compound (I) or salts thereof of the present invention are novel compounds having structural 
characteristics in that the substituent: 



wherein the symbols are as defined above, is bound to a carbon atom of a benzene ring of a tricyclic 
condensed benzene ring including at least one heterocyclic ring as a component ring, and it exhibits 
excellent therapeutic and/or prophylactic actions for senile dementia based on these characteristics. 

With respect to the above formulas, n represents an integer from 2 to 10; n' represents an integer from 
1 to 10: 

represents a hydrogen atom or an optionally substituted hydrocarbon group, which may be different 
from one another in the repetition of n or n'. 

The "optionally substituted hydrocarbon group" for R^ above is exemplified by chain or cyclic Ci-is 
hydrocarbon groups and combinations thereof. Such chain hydrocarbon groups include linear or branched 
Ci-ii alkyi groups (e.g., methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl. tert-butyl, n-pentyl, n-hexyl). 
linear or branched C2-S alkenyl groups (e.g., vinyl, allyl, 2-butenyl) and linear or branched C2-6 alkynyl 
groups (e.g., propalgyl, 2-butynyl). Cyclic hydrocarbon groups include C3-7 monocyclic cycloalkyi groups 
(e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl), Cs-m bridged cyclic saturated hydrocarbon groups 
(e.g., bicyclo[3.2.1]octo-2-yl, bicyclo[3.3. 1 ]non-2-yl, adamantan-1 -yl) and C6-i4 aryl groups (e.g., phenyl 
group and naphthyl group). 

Hydrocarbon groups consisting of a combination of a chain and a ring include C7-13 aralkyl groups 
(e.g., phenyl-Ci-12 alkyI groups or naphthy!-Ci -s alkyI groups such as benzyl, phenylethyl, phenytpropyl, 
phenylbutyl, phenylpentyl, phenylhexyl and a-naphthylmethyl, and diphenyl-Ci -3 alkyI groups such as 
dtphenylmethyl and diphenylethyl), Cg-i-v aryl-C2-i2 alkenyl groups (e.g.. phenyl-C2-]2 alkenyl groups 
such as styryl, cinnamyl, 4-phenyl-2-butenyl and 4-phenyl-3-butenyl), Ce-i* aryl-C2-i2 alkynyl groups (e.g., 
phenyl-C2-i2 alkynyl groups such as phenylethynyl, 3-phenyl-2-propynyl and 3-phenyl-1 -propynyl), C3-7 
cycloalkyl-Ci -6 alkyI groups (e.g., cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexyl- 
methyl, cycloheptylmethyl, cyclopropylethyl, cyclobutylethyl. cyclopentylethyl, cyclohexylethyl, cyclohep- 
tylethyl, cyclopropylpropyl, cyclobutylpropyl, cyclopentylpropyl. cyclohexylpropyl, cycloheptylpropyl, 
cyclopropylbutyl, cyclobutylbutyl, cyclopentylbutyl, cyclohexylbutyl, cycloheptylbutyl, cyclopropylpentyl, 
cyclobutylpentyl, cyclopentylpentyl, cyclohexylpentyl, cycloheptylpentyl, cyclopropylhexyl, cyclobutylhexyl, 
cyclopentylhexyl, cyclohexylhexyl and cycloheptylhexyl). 

The "hydrocarbon group" for R^ is preferably a linear or branched Ci -1 1 alky I group, more preferably a 
linear or branched Ci -7 alkyI group (e.g., methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n- 
pentyl, n-hexyl), or a €7-18 aralkyl group, more preferably a C7-10 aralkyl group (e.g., phenyl-Ci alkyI 
such as benzyl, phenylethyl or phenylpropyl). 

The "hydrocarbon group" for R^ may have a substituent or substituents. This substituent may be 
chosen as appropriate from groups commonly used as substituents for the hydrocarbon group. Specifically, 
the above-described Ci-n alky I, €2-5 alkenyl, C2-6 alkynyl, C3-7 monocyclic cycloalkyi or Cs-^ bridged 
cyclic saturated hydrocarbon group may have 1 to 5 substituents selected from the group comprising 
halogen atoms (e.g., fluorine, chlorine, bromine, iodine), nitro group, cyano group, hydroxyl group, Ci -4 
alkoxy groups (e.g., methoxy, ethoxy, propyloxy, butyloxy, isopropyloxy), Ci -4 alkylthio groups (e.g., 
methylthio, ethylthio, propylthio), amino group, mono- or di-Ci -4 alkylamino groups (e.g., methylamino, 
ethylamino, propylamine, dimethylamino, diethylamino), 5- to 7-membered cyclic amino groups which may 



O Ri 
II I 
— C — (CH)n— Y 
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have 1 to 3 hetero atoms selected from atoms of nitrogen, oxygen and sulfur in addition to 1 nitrogen atom 
(e.g., pyrrolidine, piperidino, morpholino), Ci-4 alkyl-carbonylamino groups (e.g., acetylamino, pro- 
pionylamino, butyrylamino), Ci -4 alkylsulfonylamino groups (e.g., methylsulfonylamino, ethylsulfonylamino), 
Ci-4 alkoxycarbonyl groups (e.g., methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl), carboxyl group, 
Ci-6 alkyl-carbonyl groups (e.g., methylcarbonyl, ethylcarbonyl, propylcarbonyl), carbamoyl group, mono- 
or di-Ci-4 alkyl-carbamoyi groups (e.g.. methylcarbamoyi, ethylcarbamoyi) and Ci -e alkylsulfonyl groups 
(e.g., methylsulfonyl, ethylsulfonyl. propylsulfonyl). 

Substituents for the above-described Ce-i4 aryl group. C7-18 aralkyi, Cs-i4 aryl-C2-i2 alkenyl, Cg-i4 
aryl-C2-i2 alkynyi or C3-7 cycloalkyl-Ci -s alkyi may have include Ci -4 alkyi groups (e.g.. methyl, ethyl, 
propyl, butyl), halogen atoms (e.g., fluorine, chlorine, bromine, iodine), nitro group, cyano group, hydroxyl 
group, Ci -4 alkoxy groups (e.g., methoxy. ethoxy, propyloxy, butyloxy, isopropyloxy). Ci -4 alkylthio groups 
(e.g.. methylthio, ethylthio, propylthio. isopropylthio, butylthio), amino group, mono- or di-Ci -4 alkylamino 
groups (e.g., methylamino, ethylamino. propylamine, dimethylamino, diethylamino). 5- to 7-membered 
cyclic amino groups which may have 1 to 3 hetero atoms selected from atoms of nitrogen, oxygen and 
sulfur in addition to 1 nitrogen atom (e.g., pyrrolidine, piperidino, morpholino), Ci -4 alkyl-carbonylamino 
groups (e.g., acetylamino, propionylamino, butyrylamino), aminocarbonyloxy group, mono- or di-Ci -4 
alkylamino-carbonyloxy groups (e.g.. methylaminocarbonyloxy, ethylaminocarbonyloxy, dimethylaminocar- 
bonyloxy, diethylaminocarbonyloxy). Ci -4 alkylsulfonylamino groups (e.g., methylsulfonylamino, ethylsul- 
fonylamino. propylsulfonylamino), Ci -4 . alkoxy-carbonyl groups (e.g., methoxycarbonyl, ethoxycarbonyl, 
propoxycarbonyl, isobutoxycarbonyl), carboxyl group. Ci -e alkyl-carbonyl groups (e.g., methylcarbonyl, 
ethylcarbonyl. butylcarbonyl), C3-7 cycloalkyl-carbonyl groups (e.g., cyclohexylcarbonyl), carbamoyl group, 
mono- or di-Ci -4 alkyl-carbamoyl groups (e.g.. methylcarbamoyl, ethylcarbamoyi, propylcarbamoyl, butyl- 
carbamoyl, diethylcarbamoyi, dibutylcarbamoyl). Ci alkylsulfonyl groups (e.g., methylsulfonyl. ethylsul- 
fonyl. propylsulfonyl), C3-7 cycloalkylsulfonyl groups (e.g., cyclopentylsulfonyl. cyclohexylsulfonyl), and 
phenyl, naphthyl, mono- or di-phenyl-Ci -3 alkyi (e.g.. benzyl, diphenylmethyl), phenoxy, benzoyl, phenox- 
ycarbonyl. benzylcarbonyl, phenyl-Ci -4 alkyl-carbamoyl, phenylcarbamoyl, phenyl-Ci-4 alkyl-car- 
bonylamino. benzoylamino. phenyl-Ci -4 alkylsulfonyl. phenylsulfonyl. phenyl-Ci -4 alkylsulfinyl. phenyl- 
C1-4 alkylsulfonylamino and phenylsulfonylamino groups each of which may have 1 to 4 substituents 
(substituents for each phenyl group or naphthyl group include C1-4 alkyi groups such as methyl, ethyl, 
propyl, butyl and isopropyl, Ci -^ alkoxy groups such as methoxy, ethoxy. n-propyloxy, isopropyloxy and n- 
butyloxy, halogen atoms such as atoms of chlorine, bromine and iodine, hydroxyl group, benzyloxy group, 
amino group, the above-mentioned mono- or di-Ci -4 alkylamino groups, nitro group, the above-mentioned 
Ci-6 alkytcarbonyl groups, and benzoyl group). The number of substituents for these 0^-^^ aryl groups, 
C7-18 aralkyi groups, C6-14 aryl-Cs-is alkenyl groups, Cs-m aryl-C2~i2 alkynyi groups and C3-7 
cycloalkyl-Ci -5 alkyi groups is appropriately about \ to 5. 

With respect to the above formulas, Ar is a tricyclic condensed benzene ring group including at least 
one heterocyclic ring as a component ring and having a binding site at a carbon atom of a benzene ring 
thereof, and it may have a substituent or substituents. As stated above, the compound of the present 
invention is characterized by a unique chemical structure in which the benzene ring of the tricyclic 
condensed benzene ring including at least one heterocyclic ring is bound to a group represented by the 



wherein the symbols are as defined above. 

Since the compound of the present invention exhibits excellent cholinesterase inhibitory action based 
on this feature, the substituent for the tricyclic condensed benzene ring group for Ar is not subject to 
limitation. 

The tricyclic condensed benzene ring group for Ar has a ring condensation pattern represented by one 
of the formulas: 



formula: 



O 
II 

— c 



(CH)n— Y 



8 




wherein ring A is an optionally substituted benzene ring; and one of rings B and C is an optionally 
substituted heterocyclic ring and the other is an optionally substituted 5- to 8-membered ring which may 
have a hetero atonn or atoms as component atoms of the ring. 

Benzene ring A may have an additional substituent or substituents in addition to one represented by the 
formula: 

O Ri O Ri 

II I II I 

— C — (CH)n_ Y or — C — (CH)n— Y' 

wherein the symbols are as defined above. 

Such additional substituents include the same substituents as specified for the Cs-m aryl, C7-18 
aralkyi, Cs-m aryl-C2-i2 alkenyl, Cg-i^ aryl-C2-i2 alkynyl or C3-7 cycloaikyl-Ci -s alkyi group for R' 
above, the number thereof being preferably 1 to 3. Preferable substituents the benzene ring may have 
include halogen atoms such as fluorine and chlorine, halogeno-Ci -3 alkyI groups such as trifluoromethyl, 
Ci-3 alkyI groups such as methyl, C1-3 alkoxy groups such as methoxy, and hydroxyl group, with greater 
preference given to halogen atoms such as fluorine. 

The "optionally substituted heterocyclic ring" for ring B or C is exemplified by 4- to 14-membered 
rings, preferably 5- to 9-membered rings. As the hetero atom(s) of the heterocyclic ring, one to three hetero 
atoms are selected from nitrogen, oxygen, sulfur, etc. Specifically, such heterocyclic rings include pyridine, 
pyrazine, pyrimidine, imidazole, furan, thiophene, pyrrolidine, piperidine, hexamethyleneimine, 
tetrahydrofuran, piperazine, morpholine and thiomorpholine, with preference given to 5- to 9-membered 
non-aromatic heterocyclic rings having 1 hetero atom or two same or different hetero atoms (e.g., 
pyrrolidine, piperidine, hexamethyleneimine, tetrahydrofuran, piperazine, morpholine, thiomorpholine). For 
example, non-aromatic heterocyclic rings containing 1 hetero atom selected from nitrogen, oxygen and 
sulfur, and non-aromatic heterocyclic rings containing both 1 nitrogen atom and t hetero atom selected 
from nitrogen, oxygen and sulfur, in particular, are often used. 

The "5- to 8-membered ring which may have hetero atoms" for ring B or C is a 5- to 8-membered 
heterocyclic ring or carbon ring which may have a substituent or substituents. This 5- to 8-membered 
carbon ring may be a benzene ring or a saturated or unsaturated ring, exemplified by benzene, cyclopen- 
tane, cyclopentene, cyclohexane. cyclohexene, cyclohexadiene, cycloheptane, cycloheptene and cyclohep- 
tadiene. When ring B or C has a hetero atoms (e.g., one to three hetero atoms selected from nitrogen, 
oxygen, sulfur, etc.) therein, i.e., when ring B or C is a heterocyclic ring, it may be aromatic or not. Such 
aromatic heterocyclic rings include pyridine, furan and thiophene. Preferable non-aromatic heterocyclic 
rings include the same non-aromatic heterocyclic rings as specified for ring B or C. 

Accordingly, Ar is preferably a group having a binding site in a benzene ring of, e.g., a tricyclic 
condensed benzene ring represented by the formula: 



such as carbazote, 1 .2.3.4,4a,9a-hexahydrocarbazol, 9.10-dihydroacridine. 1 .2,3,4-tetrahydroacridine, 10,11- 
dihydro-5H-dibenz[b,f]azepine, 5,6,7,1 2-tetrahydrodibenz[b.g]azocine. 6,1 1-dihydro-5H-dibenz[b,e]azepine, 
6,7-dihydro-5H-dibenz[c,e]azepine, 5.6,1 1 .12-tetrahydrodibenz[b,f]azocine. dibenzofuran, 9H-xanthene, 
10.1 1-dihydrobenz[b,f]oxepin, 6,1 1-dihydrobenz[b,e]oxepin, 6,7-dihydro-5H-dibenz[b,g]- 

oxocin,dibenzothiophene, 9H-thioxanthene, 10.11 -dihydrodibenzo[b,f]thiepin. 6,1 1 -dihydrodibenzo[b.e]- 
thiepin, 6.7-dihydro-5H-dibenzo[b.g]thiocin, lOH-phenothiazine, lOH-phenoxazine. 5,10-dihydrophenazine, 
10.1 1 -dibenzo{b,f][1 ,4]thiazepine, 1 0,11 -dihydrodibenz[b.f][1 .4]oxazepine, 2,3.5,6.1 1,11 a-hexahydro-1 H- 
pyrrolo[2,1-b][3]benzazepine, 10.1 1-dihydro-5H-dibenzo[b.e][1 ,4]diazepine. 5,1 1-dihydrodibenz[b,e][1 .4]- 



9 



EP 0 607 864 A2 



oxazepine, 5,1 1 -dihydrodiben20[b.f][1 .4] thiazepine, 10,11 -dihydro-5H-dibenzo[b,e][1 ,4]diazepine or 
1 ,2,3,3a,8,8a-hexahydropyrrolo[2,3-b]indole, or a tricyclic condensed benzene ring represented by the 
fornnula: 



such as 1 H,3H-naphth[1 .8-cd][1 .2]oxazine, naphth[1 ,8-de]-1 ,3-oxazine, naphth[1 ,8-de]-1 ,2-oxazine, 
1 ,2,2a,3,4,5-hexahydrobenz[cd]indole, 2.3.3a,4,5,6-hexahydro-1 H-benzo[de]quinoline, 4H-pyrrolo[3,2,1 -ij]- 
quinoline, 1 .2,5.6-tetrahydro-4H-pyrrolo[3.2.1 -ij]quinoline. 5,6-dihydro-4H-pyrrolo[3.2,1 -ij]quinoline. 1 H,5H- 
benzo[ij]quinolizine, 2,3,6, 7-tetrahydro-1 H,5H-ben2o[ij]quinolizine, azepino[3,2,1-hi]indole, 1,2,4,5,6,7- 
hexahydroazepino[3,2.1-hi]indole, 1 H-pyrido[3.2,1-jk][1 ]benzazepine, 5.6,7,8-tetrahydro-1 H-pyrido[3,2,1-jk^ 
[1 ]benzazeplne, 1 ,2,5,6,7,8-hexahydro-3H-pyrido[3,2.1 -jk][1 ]benzazepine, 2,3-dihydro-1 H-benz[de]- 
isoquinoline, 1 ,2,3,4,4a,5,6.7-octahydronaphth[1 ,8-bc]azepine or 2,3,5,6,7.8-hexahydro-1 H-pyrido[3,2,1-jk][1 ]- 
benzazepine, or a tricyclic condensed benzene ring represented by the formula: 



such as 1 ,2,3,5,6,7-hexahydrobenzo[1 ,2-b:4,5-b']dipyrrole, 1 ,2,3,5,6,7-hexahydrocyclopent[f]indole, 
1 ,2,3.6, 7,8-hexahydrocyclopent [ejindole or 2,3,4,7,8-hexahydro-1 H-cyclopenta[f]quinoline, or a tricyclic con- 
densed benzene ring represented by the fornnula: 



such as 1 ,2,3,6,7.8-hexahydrocyclopent[e]indote or 2,3.4,7.8,9-hexahydro-1 H-cyciopenta[f]quinoline. Groups 
having a binding site in a benzene ring of tricyclic condensed benzene ring represented by the following 
formulas: 
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. oco ■ 000 

H H H 




are often used. 

Rings B and C may have a substituent or substituents on any carbon atom thereof. Such substituents 
include Ct-s alkyi groups (e.g., methyl, ethyl), halogen atoms (e.g., fluorine, chlorine, bromine and iodine), 
nitro group, cyano group, oxo group, hydroxyl group, C,_4 alkoxy groups (e.g., methoxy, ethoxy, propyloxy, 
butyloxy, isopropyloxy), Ci -4 alkylthio groups (e.g., methylthio, ethylthio, propylthio). amino group, mono- 
or di-Ci -4 alkylamino groups (e.g., methylamino, ethylamino. propylamine, dimethylamino, diethylamino), 5- 
to 7-membered cyclic amino groups which may have 1 to 3 hetero atoms selected from nitrogen, oxygen, 
sulfur etc. in addition to 1 nitrogen atom (e.g., pyrrolidine, piperidino, morpholino, thiomorpholino), Ci -4 
alkyl-carbonylamino groups (e.g., acetylamino, propionylamino, butyrylamino), Ci -4 alkylsulfonylamino 
groups (e.g., methylsulfonylamino. ethylsulfonylamino). Ci -4 alkoxy-carbonyl groups (e.g., methoxycar- 
bonyl, ethoxycarbonyl, propoxycarbonyl), carboxyl group, Ci -6 alkyl-carbonyl groups (e.g., methylcarbonyl, 
ethylcarbonyl, propylcarbonyl), carbamoyl group, mono- or di-Ci -4 alkyl-carbamoyi groups (e.g., methylcar- 
bamoyl, ethylcarbamoyi) and Ci -5 alkylsulfonyl groups (e.g.. methylsulfonyl, ethylsulfonyl, propylsulfonyt), 
the number of substituents being 1 to 5. As such substituents, 0x0, Ci -& alkyI such as methyl, etc. are 
often used- 

As ring B or C, (1) a benzene ring which may be substituted with a Ci -s alkyI (e.g., methyl) and/or a 
Ci-6 alkyl-carbonyl (e.g.. acethyl), (2) a 5- to 7-membered saturated carbon ring such as cyclohexane, or 
(3) a 5- to 8-membered heterocyclic ring having 1 or 2 hetero atoms selected from oxygen, nitrogen and 
sulfur such as 5- to 8-membered nitrogen-containing saturated heterocyclic ring (e.g., pyrrolidine) are often 
used. 

When ring B or C has a nitrogen atom therein, it may have a substituent on that nitrogen atom. In other 
words, ring B or C may have therein 

wherein represents a hydrogen atom, an optionally substituted hydrocarbon group or an optionally 
substituted acyl group. 
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The optionally substituted hydrocarbon group for is exemplified by the same °Pt7; ^ 
hvdrocarbon croups as specified for R\ with preference, C, -7 alkyi groups (e.g., methyl, ethyl, n-propyl) 
an^ cT 0 ara kyl g^^^^^^ phenylmethyl, phenylethyl). etc. These groups may be substituted w.th. for 

examp,; haCn atoT(e'g.' fluorine and chlorine, etc.), nitro. C,-, a.koxy group (e.g., methoxy. ethoxy), 

hvdroxv aroup etc. The unsubstituted benzyl group etc. are often used. 

' r represents an optionally substituted amino group or an optionally substituted nitrogen-containing 

""^te'-oSa^^ subStTted amino group" for V is exemplified by a group represented by the formula: 



10 



15 



20 C 



25 



_N<^ (vn) 

wherein and R3- represent, respectively, a hydrogen atom, an optionally substituted hydrocarbon group 

'^-^^S^t^S^^^^-o. group for R^- or R3- is exemplified by the same optionally 

^"tS^p" ^;:^^S^Z^:o. groups for R^' or R3. include linear or branched 
C f aTkv i qmups (eg methyl, ethyl, n-propyl. isopropyl, n-butyl, isobutyl, fert-butyl, n-pentyl, n-hexyl 
L C aralM qroups' (e g phenyl-C, -,2 alkyl groups such as phenylmethyl, phenylethyl. phenylpropyl 
and p^XS Td nap^^^^^^^ alkyl grou'ps'such as .-naphthylmethyl), more preferably linear or 

branched C _7 alkyl groups (e.g.. methyl, ethyl, propyl) and C;-,o aralkyi groups (e.g., phenylmethyl 
phenyll^y^ phenylpropyl). These'groups may have 1 to 3 substituents such as halogen atom (e.g., fluorine 

^"r:c:l-gr;-u;:r - R^. or R3- is exemplified by carboxync 

acid acyl groups (e.g., formyl. C.-s alkylcarbonyl or phenylcarbonyl groups such as acetyl, prop^nyl^ 
Tutyryl and benzoyl) sulfonic acid acyl groups (e.g., C-. alkylsulfonyl or phenylsulfonyl groups such as 
methalesu'fonyl e'hanesulfonyl, propanesulfonyl, benzenesulfonyl and p-toluenesulfonyl). phosphonic aad 
30 Tcyl groups (e g C alkylphosphonyi or phenylphosphonyl groups such as methanephosphony , 
ShaneTosphonyl propanephosphonyl, benzenephosphonyl and p-toluenephosphonyl), -^st, uted oxyca - 
bonyl qroui C-s alkyloxycarbonyl or C.-. aralkyloxy-carbonyl groups such as methyloxycarbonyl, 

tert-bu?yloxyca'bonyl and benzyloxycarbonyl). with preference given to C-s alkyloxycarbonyl groups. 

SubSlnts foJ these acyl groups may have include halogen atoms (e.g., ''^J- ^^^j-^^^t ir/ 
and iodine) nitro group, hydroxyl group, amino group, mono- or di-C-e alkylam.no groups (e.g., 
meth^amino. ethy.amino dimethyL^o. diethylamino) and C, alkoxy groups (e.g., methoxy. ethoxy. 
oroDOxv). the number of substituents being 1 to 3, preferably 1 to 2. 

Preferable groups for R^' and R3- include linear or branched C, -7 alkyl groups (e.g.. methyl, ethyl, n- 
propy top opyl n butyl, isobutyl. tert-butyl, n-pentyl. n-hexyl) and C.-,o -^'^^1 group (e.g benzyl. 
Thenylethy' phenylpropyl). with preference given to C,-3 alkyl groups such as methyl and ethyl and C.-,o 

aralkyi groups such as phenylmethyl. c tn q mpmbered 

The "nitrogen-containing saturated heterocyclic group" for V ,s exer^phf.ed 5- to 9 rnembered 
nitroqen-containing saturated heterocyclic groups which may have 1 to 3 hetero atoms selected frorn 
nitroqen oxygeT sulfur, etc. in addition to carbon atoms and 1 nitrogen atom(s). These nitrogen-contain.ng 
satura^d heterocyclic groups may have a bond at a ring component nitrogen atom thereof or at a nng 
comptnenfcaZ atorS thereof. Groups having a bond at a ring component nitrogen atom include a group 
represented by the formula: 

50 — NQi':- 



40 



45 



wherein ring Q' is a 5- to 9-membered nitrogen-containing saturated heterocyclic group which may have 1 
55 Tr 2 hetratoms selected from nitrogen, oxygen, sulfur, etc. in addition to carbon atoms and 1 nitrogen 
atom. More specifically, the following, for example, are often used. 
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O . -O 



H 



\^NH 



o 



Groups having a bond at a ring component carbon atonn include a group represented by the formula: 



wherein ring Is a 5- to 9-membered nitrogen-containing saturated heterocyclic group which may have 1 
or 2 hetero atoms selected from nitrogen, oxygen, sulfur, etc. in addition to carbon atoms and 1 nitrogen 
atom. More specifically, the following, for example, are often used. 



Y represents an "optionally substituted 4-piperidinyl, 1 -piperazinyl or 4-ben2yl-1-piperidinyl group" such 

as 



(R represents H or a substituent). 

As examples of the substituents which the above-described "nitrogencontaining saturated heterocyclic 
group." "4-piperidinyl group" or " 1 -piperazinyl group" may have and the substituent of R, there may be 
described those of optionally substituted hydrocarbon groups as specified for R^ above, optionally 
substituted acyl groups as specified for R^' or R^' above, halogen atoms (e.g., fluorine, chlorine, bromine 
and iodine), nltro group, cyano group oxo group, hydroxyl group, Ci -4 alkoxy groups (e.g., methoxy, 
ethoxy, propyloxy, butyloxy, isopropyloxy), Ci -4 alkylthio groups (e.g., methylthio, ethylthio, propylthio, 
isopropylthio), amino group, mono- or di-Ci alkylamino groups (e.g., methylamino, ethylamino, pro- 
pylamine, dimethylamino, diethytamino), 5- to 7-membered cyclic amino groups which may have 1 to 3 
hetero atoms selected from atoms of nitrogen, oxygen, sulfur etc. in addition to carbon atoms and 1 
nitrogen atom (e.g., pyrrolidino, piperidino, morpholino, thiomorpholino). Ci alkyl-carbonylamino groups 
(e.g., acetylamino, propionylamino, butyrylamino), Ci -4 alkylsulfonylamino groups (e.g.. methylsul- 
fonylamino, ethylsulfonylamino), Ci -4 alkoxy-carbonyt groups (e.g.. methoxycarbonyl, ethoxycarbonyl, pro- 
poxycarbonyl), phenyl-Ci -4 alkyloxycarbonyl groups (e.g., benzyloxycarbonyl), carboxyl group, Ci-g alkyl- 
carbonyl groups (e.g., methylcarbonyl, ethylcarbonyl, propylcarbonyl), benzoyl groups which may have a 
substituent (here, the substituent is exemplified by C1-4 alkyi groups such as methyl and ethyl, halogens 
such as fluorine, chlorine and bromine, Ci -4 alkoxy groups such as methoxy and ethoxy, mono- or di-Ci -4 
alkylamino group such as methylamino and dimethylamino, 5- to 7-membered cyclic amino groups such as 
piperidino and morpholino, nitro and hydroxy, the number of substituents being 1 to 3 such as 4- 
fluorobenzoyl and 3,4-dimethoxybenzoyl). carbamoyl group, mono- or di-Ci -4alkyt-carbamoyl groups (e.g., 
methylcarbamoyl. ethylcarbamoyi) and Ci -s alkylsulfonyl groups (e.g.. methylsulfonyl, ethylsulfonyl. propyl- 
sulfonyl), the number of substituents being 1 to 5. Of these substituents, the same optionally substituted 
hydrocarbon groups as specified for R^ above are preferred. For example, chain or branched Ci-n alkyI 
groups, preferably linear or branched Ci -7 alkyI groups (e.g., methyl, ethyl, n-propyl, isopropyl, n-butyl. 



— CQ2 N 





or 
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tert-butyl. n-pentyl, n-hexyl), which may be substituted with halogen atoms (e.g., fluorine, chlorine, bromine 
and iodine), nitro group, Ci alkoxy groups (e.g.. methoxy. ethoxy). hydroxy! group etc., C7-18 aralkyi 
groups (e.g., phenyl-Ci-12 alkyi groups such as phenylmethyl, phenylethyl, phenylpropyl and phenylhexyl 
and naphthyl-Ci -8 alkyI groups such as a-naphthylmethyl), preferably C7-10 aralkyi groups (e.g.. phenyl- 
methyl, phenylethyl, phenylpropyl), and diphenyl-Ci -3 alkyI groups (e.g.. diphenylmethyl) are often used. 
The position of substitution may be on a carbon atom and/or nitrogen atom of the nitrogen-containing 
saturated heterocyclic ring. 

As the substituents which the above-described "4-benzyl-1-piperidinyl group" for Y may have, use is 
made of. for example, those similar to the substituents which the above-described Cg-i* aryl, C7-18 aralkyi, 
C6-14 aryl- €2-12 alkenyl, Cs-i^ aryl- C2-12 alkynyl, C3-7 cycloalkyl- Ci -6 alkyI may have. 

Compound (I') or a salt thereof wherein Y* represents an optionally substituted 4-pipendinyl, 1- 
piperazinyl or 4-benzyl-l-piperidinyl group and n' represents an integer from 2 to 10, is a novel compound, 
exhibiting more potent cholinesterase inhibitory action. 

With respect to the above formulas, is preferably a hydrogen atom, for example. 

Benzene ring A preferably has no substituent. 

Preferable ring structures for Ar include the following: 



wherein has the same definition as above. 

R^ is (1) hydrogen, (2) a C1-6 alkyI (e.g., methyl, ethyl). phenyl-Ci -4 alkyI (e.g., benzyl), Ci -g alkyl- 
carbonyl (e.g., acethyl), benzoyl, Ci -e alkoxycarbonyl (e.g., methoxycarbonyl, ethoxycarbonyl) or mono- or 
di-Ci -^ alkylcarbamoyl group (e.g., methylcarbamoyi) which may be substituted with 1 or 2 substituents 
such as halogen (e.g., fluorine, chlorine), nitro, Ci -4 alkoxy (e.g.. methoxy, ethoxy) and hydroxy, (3) formyl 
or (4) carbamoyl, more preferably a hydrogen atom, a formyl group or methyl, etc. 

Y' is preferably group (VII) (particularly group (VII) wherein one of R^' and R^' is a linear or branched 
Ci -7 alkyl group such as methyl, ethyl, n-propyl, isopropyt, n-butyl, isobutyl, tert-butyl, n-pentyl or n-hexyl 
and the other is a C7-10 aralkyi group such as phenylmethyl, phenylethyl or phenylpropyl), or pyrrolidine, 
piperidine, piperazine. morpholine. 1 ,2,3.4-tetrahydroquinoline, 1 .2,3,4-tetrahydroisoquinoline. 2.3.4,5- 
tetrahydro-1H-1-benzazepine, 2,3,4,5-tetrahydro-1 H-2-benzazepine or 2.3,4,5-tetrahydro-1 H-3-benzazepine 
substituted with an optionally substituted benzyl group, etc. Preference is given to groups such as 
pyrrolidine, piperidine, piperazine and morpholine substituted with a substituted or unsubstituted benzyl 
group. The substituents ofthe benzyl group are preferably halogen such as fluorine, chlorine. C^-^ alkyl 
such as methyl, ethyl, Ci -4 alkoxy such as methoxy. hydroxy, nitro, amino, etc. 

Y is preferably a 4-piperidinyl. 1-piperazinyl or substituted or unsubstituted 4-benzyl-piperidinyl group 
substituted with a substituted or unsubstituted benzyl group. The substituents of the benzyl group are 
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preferably halogen such as fluorine, chlorine, Ct-* alkyi such as methyl, ethyl, Ci-* alkoxy such as 
methoxy, hydroxy, nitro, amino, etc. 

n and n' are preferably integers from 2 to 6. 

More specifically, the following compounds (and salts thereof) categorized under compounds (1) or (1') 
are preferred. 

[Table 1] 

0 

II 

Ar-C-(CH2),.-Y 
No. Ar n Y 



9 

10 



1 SV 2 Oh 

2 



NH 
•-NH 

PQL 2 ^N-CHzPh 

' MU 



3 



•-NH ^ 

5 CV 3 -{^N-CHzPh 

6 PO 4 -^N-CHaPh 

•-NH 

7 Cv 2 -T^N-Ac 

^NCHO 

8 2 -CN-CHaPh 



NH 



2 ^N-CHzPh 
^NAc ^ 

Cv 2 -^N-CHzPh 

^(^N-CHaPh 

2 O-CH,^ 



-NCHzPh 

11 pO 2 



12 



13 VV 2 <~;N-CH2T>0CH3 

"-NH 
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[Table 2] 

No. Ar 



14 



24 
25 

26 
27 




2 O-CH^^ 
NH ^OCHs 



15 W 2 <:n-ch,^ 





NCOPh 



2 -{^N-CHzPh 

2 ^N-CHzPh 

^NCOzEt 

CX^ 2 -NGN-CHaPh 
L-NCHO 

2 -N(^N-CHzPh 

2 -Nf^N-CHzPh 



16 

17 

18 

19 
20 

21 



22 ^rV^ -iNv_,n-*^n2 

-NC02Et 





NAc 

nT^N-CHzPK 





-N^N-CHzPh 

QO 3 -|<~^N-CH2Ph 



23 1 -iN^i>-^.n2 

-NH 



L-NH 



4 -N(]^N-CH2Ph 
2 -nCn-CH2^ 



L-NH 




NH 




CI 



NH 



2 -Nr;N-cH2^ 

XI 
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[Table 3] 

No. Ar 




30 VV 2 

-NH 






28 



29 My 2 ^N-CH2^GhNH2 




31 

33 90 2 OkJ^ 



34 VV 2 "CN-CHPhj 



35 ^„ 2 -O 

36 CO 2 -nOchG^F 

^NH 0 

38 C0 2 -O 
^NH 

39 2 -Nr^S 



40 yV 2 -N(CH3)2 

41 CV 2 -N(C2Hs)2 

'— NH 



42 W 5 -N<^=="^ 



43 5 -N 



^2Hs 

50 McHO "XHzPh 



55 
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[Table 4] 

No. Ar 



50 

25 



55 

40 

56 



51 3 

>— NH 



52 W. 3 



NCOPh 



NH 



NAc 
-NAc 



44 ^„ 6 



I2t 

'0 45 ^— NCHO 'N:H2Ph 



46 S^?^ 3 -OO^O^H 

49 CO 3 -0-CHPh3 

NH 



3 -O 

CO 3 -<^iO-^ 



NH 



CI 



53 CV 3 -N^O 

NCHO 

54 CO 3 -N(^ 

^NCHjPh 



3 -N(CH3)2 

3 -N(C2H5)2 



58 5 -<5!;h 



59 W ^ ""^CHjPh 



55 
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[Table 53 



No. 


Ar 


n 


Y 


60 


CO 

NH 


6 


H 

CHaO^ 


61 


L-NH 


2 


-0 


62 


L-NH 


2 


-Oo 


63 


CO 


2 




64 


L-NH 


2 




65 


90 


2 




66 


90 


2 


-CO 


67 


90 

L-NH 


2 


-nCO 


68 


90 

l— NAc 


2 


-N^^NAc 


69 


90 

L-NCHO 


2 


-n(^n-cho 


70 


90 


2 


-N^N-CHzCHzOH 


71 


90 
'-NCHjCHiPh 


1 


-N(^N-CHPh2 


. 72 


90 

L-NCONHCH3 


4 


-N^^N-CHPhz 


73 


90 
•-NCOPh 


4 




74 


NH 


5 


-N^N-CHPhz 


75 


90 


5 
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[Table 7] 

No. Ar 



97 

25 



CllzPh 

.0 



CH 



3 



91 CX^XJ 2 -CN-CHzPh 

w 92 ^'XX^O' 2 -CN-CHjPh 

93 O^X^ 2 -N^N-CHzPh 

75 94 '^^XX^PO' 2 -N^N-CHzPh 

95 O^jjX^ 2 ^N-CHaPh 

H 

96 2 0-CH2Ph 



^-M^ 2 -<3N-CH2Ph 
Ac 

98 CXjpD' 2 -Nr^N-CHzPh 
H 

30 99 CXjpO' 2 -N'~^N-CH2Ph 

Ac ' ' 

>00 2 -N^^N-CH^Ph 



101 2 -<^N-CH2Ph 
[1 

OCJXX 2 -CN-CH^Ph 
Ac 

103 CXfjXX 2 ^N-CIhPh 



OC°XX 2 -NC;;N-CHaPh 
H 

105 CXIXX 2 -N^-CHaPh 

Ac 
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[Table 8] 

No. Ar 



2 ^^N-CHzPh 



H 



107 i^N- 
Ac 



CXbCl 2 ^N-CH2Ph 



108 Wf^A^ 2 -N^N-CHzPh 

H 

109 O^pOs 2 -0-CH2Ph 

Ac 



20 „^^^0-, 



110 2 O-CH.Ph 

111 



cJ|;XX^ 2 -CN-CHaPh 

112 Cxl& 2 -N;;;;]N-cH2Ph 

113 cHa^S^ ^ -N^N-CHaPh 

114 OCP& 2 Y^N-CHaPh 

H ~" 

115 CQCl 2 ^N-CHzPh 

Ac 



116 

H 



OQO. 2 -N^N-CHzPh 
H 

117 OQCl 2 -O-CHaPh 

Ac 



45 H 

119 O^O. 2 O-CHaPh 

H 

120 CX^ipO 2 -N^-CHaPh 

Ac 
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[Table 9] 

No. Ar 



121 2 O-CHaPh 



-CHiPh 



123 OCoXX 2 -N_N-CH.Ph 

124 '^^XXPO^ 2 -N^N-CHzPh 

2 0-CH3Ph 



2 -N_N-CH.Ph 
128 ^"XXPC^ 2 -CN-CHaPh 



130 ^"^OCqX^ 2 O-ca^Ph 



131 2 -N^-CH^Ph 



132 '^'XjCJO^ 2 -N3-CHaPh 

133 2 ^N-CHaPh 
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30 



35 



40 



45 
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[Table 10] 

No. Ar 





143 
144 




147 QQ 



2 ^N-CHzPh 



QQ 2 O-CHaPh 



135 
136 

137 I^nV 2 -N_;N-CH2Ph 



138 2 -N^-CHaPh 

0 -N'^^N-CHaPh 



2 O-CHaPh 



142 qa 2 -N_N-aiaPh 



2 -N N-CHzPh 



2 0-CH2Ph 
Cii» 2 -CN-CH==Ph 



146 2 -N3-CH2Ph 



-N N-CHzPh 
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[Table 13] 

No. Ar 



hHh 



172 ^^N?;?^ 2 -CN-CH2Ph 

hHh 



173 SSrC^ 2 O-CHaPh 



174 S-t-N-^ 2 <~^N-CH2Ph 

I H I ^ 

CH3CH3 

CH3 

SrPrO' 2 -<nN-cH2Ph 

I H I 

CH3 CH3 



176 '"N^^N"^ 2 -N^N-CHzPh 

hHh 

CH3 

177 f^iiO 2 -O-CHaPh 

hHh 

178 I H I 2 . -N^^N-CHzPh 

CH3 CH3 

CH3 

179 SvTir^ 2 -N^N-CHzPh 

CH3CH3 
CH3 

180 L|^^^X5' 2 -N^N-CHzPh 

I H I 

CH3 CH3 
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[Table 14] 

No. Ar 



H 



181 

182 CXO 2 -O-CHaPh 



-r 

H 



U 



183 

184 OVCI 2 -O-CH.Ph 

H 



H 



185 

186 OCpa 2 -O-CH.Ph 



187 



188 



H 
H 



2 -N^N-CHaPh 



H 



H 



189 

190 CXCT 2 -<]N-CH.Ph 



I 

CH3 



191 CqPa 2 ^N-CH.Ph 



I 

C2H5 



192 



50 I 



I 

C3H7 
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[Table 15] 

No. Ar 



195 



I 

(CH2) 3CH2 



CH2CH(CH3)2 



CHzPh 



45 I 

COPh 



193 CXjpO^ 2 -CN-CHzPh 

CH(CH3)2 

194 Ct^jX5' 2 -Qn-CHzPH 



CXjpO' 2 -CN-CH2Ph 



196 CXJPO' 2 -{^N-CHjPh 



197 CXj^O' 2 H^N-CHzPh 

CHaHQ-OCHg 

198 0:pC^ 2 HCN-CH2Ph 

I ^"^"^ 
CH2-<^J-0CH3 

199 CXpO" 2 -{]]N-CH2Ph 

CHO 

200 CXJPO' 2 -CN-CH2Ph 

I 

Ac 

201 OljipO' 2 HCN-CH2Ph 



202 CXipO 2 ^N-CHaPh 

CO-Q-OCH3 
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[Table 16] 

No. Ar 



203 2 ^N-CH,Ph 
CONHCH3 

204 CC^O 2 ^^N-CH.Ph 



H 



205 2 -CN-CH.Ph 

75 I 

CH3 

206 CX;P0 2 HCN-CH.Ph 
20 C2H5 

207 



CcpCr 2 ^N-cH3Ph 

C3H7 

208 CX;^ 2 ^N-CH.Ph 

CH(CH3)2 

209 O^O 2 HCN-CH3Ph 

(CH2)3CH3 

210 2 -CN-CH^Ph 
CH2CH(CH3)2 



211 Cq?a 2 -Cn-ch. 



40 ^ ^ 

CHzPh 



Ph 



212 2 -CN-CH2Ph 

iH2-0 

213 W 2 <DN-CH2PH 

CH2HQ-OCH3 
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[Table 17] 

No. Ar 



25 I 

CONHCH3 



I 

30 CO2CH3 



214 Cl^^O 2 -{^N-CHzPh 

CHO 

215 CX^^ 2 -CN-CHaPh 

ic 

216 CCpO' 2 -CN-CHaPh 

COPh 

217 Cf^iPO' 2 -QN-CHaPh 

C0-Qh)CH3 

218 CCpC 2 -QN-CH2Ph 



219 CXi^ 2 -<^N-CH2Ph 



220 CXpC 2 ^N-CH^Ph 

CO2CH3 

221 (TX^ 2 -<[];N-CH2Ph 

222 CI^ 2 H;^N-CH2Ph 



223 2 -{^N-CH2Ph 

'^N-CH(CH3)2 



224 Ijip 2 -{^N-CHzPh 

N-(CH2)3CH3 
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[Table 18] 

No. Ar 



CO 2 -{"^N-CHaPh 

^N-CH2CH(CH3)2 



228 



225 



226 S-V 2 -QN-CHaPh 

' -N-CO-CH2CH3 





227 VV 2 ^N-CH^Ph 

-N-C0-(CH2)2-CH3 



N-C0-CH2-CH(CH3)2 





N-CH2- 








Ph 



229 ^0CH3 2 -CN-CHzPh 

-N-CH2--O-OCH3 



230 W„.. ^CH3 2 ^N-CH2Ph 



231 S-V 2 HCN-CH.Ph 

-N-CH2-^ 



"2 vv,„,^, ^ 



233 tVck-^' ^ -0-CH,Ph 



905 '-XV ^ 2 -<nN-CH2Ph 
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[Table 19] 

No. Ar 



236 



244 







NH 



-N-CH3 





N-Ac 



246 VV 2 -<nN-CH2Ph 

N-CHaPh ^ 



^^^r ^ 2 -CN-CHzPh 

^N-CO-^-Cl ^ 



237 _ 2 nCN-CHzPh 

N-COHQ-NO2 ^ 



238 W 2 -Cn-CHsPK 

" — N-CONHCH3 ^ 



239 W 2 -T^N-CHaPh 

N-CO2CH3 ^ 



240 VV 2 -T'N-CHzPh 

25 N-CONHPh ^ 



241 CJQ 2 -CN-CHaPh 



2 -QN-CHzPh 

I SI — nil 



242 



243 VV 2 -{^N-CHzPh 

-N-C2H5 



2 -T^N-CHzPh 
' — N-CHO ^ 



245 YV 2 -QN-CHzPh 
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[Table 20] 



No. 


Ar 


n 


Y 


247 




2 


-QN-CHaPh 


248 


N-COPh 


2 


-Qn-CHzPH 


249 


vv 

N-C0-<Q-0CH3 


2 


-QN-CHzPH 


250 


1 

N-CO2C2H5 


2 


-Qn-CHzPH 


251 




2 


-{^N-CHzPh 


252 




2 


-QN-CH2Ph 


253 




2 


-rQN-CHzPh 


254 




2 


-fQN-CHzPh 


255 


CI 


2 


-QN-CHzPh 


256 




2 


-QN-CHzPh 


257 




2 


-QN-CHzPh 


258 




2 


-Qn-CHzPH 


259 


„CO£> 

CI 


2 


-O-CHaPh 
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[Table 21] 
No. 



Ar 



5 


260 




10 


261 






262 


0 ^--^^^ 


15 


263 




20 


264 






265 




25 


266 




30 


267 




35 


OKJO 


11 


40 


269 


CHO 


45 


270 





2 
2 
2 

2 
2 



-O-CHzPh 

H^N-CHePh 

-iT^N-CHzPh 
-N^N-CHzPh 

-[Qn-CHzPH 



-fQN-CllzPh 



-iT^N-CHoPh 



-iT^N-CHzPh 



50 



271 




-r 

H 



-QN-CHzPh 
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[Table 22] 

No. Ar 



272 



273 



274 



275 



276 



277 



278 



279 



50 



282 



283 



CHO 




O^NH 





O^NH 




O^NH 



CO 

0^* — 'x:h3 
— XH3 



280 ^N- 



281 




-QN-CHzPh 

-^N-CHzPh 
-0-CH2Ph 
-fQN-CHzPh 

-Qn-CHzPH 

-N^N-CHzPh 
-QN-CHzPh 

-^QN-CH2Ph 

-QN-CHaPh 

-QN-CHzPh 

-fT^N-CHaPh 
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47 
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[Table 50] 

No. Ar 



607 



608 



609 



610 



611 



612 



613 



614 



615 



0^ 



OCHs 




CHO 




H 




H 




CHO 




H 




H 





2 -fT^N-CHoPh 



2 -fT^N-CHzPh 



2 -N^N-CHoPh 



2 -(^N-CHaPh 



2 -N^N-CHzPh 



2 -N^N-CHoPh 



2 -(^N-CHzPh 



-(^N-CHzPh 
-{^N-CHaPh 
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[Table 51] 

No. Ar 




H3C 



616 2 -NjN-CH3Ph 

.cry 2 O-CH.Ph 



618 rSrV 2 -T^N-cHzPh 

619 CtjpO^ 2 -N^N-CH2ph 

H 

620 -< N-CHzPh 
H 

621 C^ipCl 2 -<;;)N-CH2Ph 
OHC 

623 OOOs 2 -^^N-CH2Ph 



OOOs 2 ^N-CH2Ph 



625 000. 2 <;^N-CH2Ph 



-^N-CHaPh 



In the above tables. Ac represents an acetyl group; Et represents an ethyl group; Ph represents a 
phenyl group. 

It is preferable that salts of the compound (!') be physiologically acceptable acid adduct salts. Such 
salts include salts with inorganic acids (e.g., hydrochloric acid, phosphoric acid, hydrobromic acid, sulfuric 
acid) and salts with organic acids (e.g., acetic acid, formic acid, propionic acid, fumaric acid, maleic acid. 
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succinic acid, tartaric acid, citric acid, rr^alic acid, oxalic acid, benzoic acid, nnethanesulfonic acid, 

'"r;n"n'acidlc group such as -COOH, the compound (D r^ay fc.. a with an in^^^^^^^^^^ base 
(e.g., sodium, potassium, calcium, magnesium, ammonia) or an organic base (e.g., tnethylamme). Such 
salts are also included in the scope of the present invention. 

A method of producing the compound (1') or a salt thereof Is hereinafter descnbed m detail. 

Although the following'description of the production process Is applicable not only to the compound (1) 
Itself but also to the above-described salt thereof, the salt is also referred to as the compound (I ) m the 

Th?compo7nd (D can be produced by reacting a compound represented by the formula: 
Ar-H (II) 

wherein the symbols have the same definitions as above or a salt thereof, and a compound (or salt thereof) 
represented by the formula: 



20 



25 



35 



55 



O 

Zl_^_(tH)„-Y ™ 

wherein Z' represents a leaving group; the other symbols have the same definitions as above or a salt 

''The leaving group for r is exemplified by halogen atoms (e.g., chlorine, bromine and i°dlne), ^C, -e 
alky^sutfonyloxy groups (e.g., methanesulfonyloxy, ethanesulfonyloxy) and Cs-,o -Vlsulfonyloxy groups 
it benSnesulLyloxy. p toluenesulfonyloxy), with preference given to halogen atoms (e.g., chlorme) and 

°''%he compound (11) or a salt thereof can be produced by known methods or modifications thereof such 
as the r^eZs described in the Journal of Chemical Society, 1381 (1949), the Canadian Journal of 
Chem!str 42 2904 (1964). the Journal of Organic Chemistry. 28, 3058 (1963), the Journal of Amencan 
Chemical sSiety, Te! 3194 (1954), 87, 1397 (1965), 88, 4061 (1966) and Japanese Patent Unexamined 

"^'r^pou'd o^a salt thereof can be produced by ^^^^ ^T^J^S^^ISi^::^'^^- 
as the methods described in the Chemical Pharmaceutical Bulletin, 34. 3747-3761 (1986) and EP A 

°''la1ts' of the compounds (11) and (111) include salts with inorganic acids (e.g.. hydrochloric acid, 
phosp one acid, hydrobromic acid, sulfuric acid) and salts with organic acids (e.g acetic ac.d, formic a d, 
propionic acid, fumaric acid, maleic acid, succinic acid, tartanc acid, citnc ac.d, malic ^cid^oxahc ac.d, 
benzoic acid, methanesulfonic acid, benzenesulfonic acid). When having an acidic group such as -COOH 
the compounds (11) and (111) may form a salt with an inorganic base (e.g.. alkali -^^^-^f/''^^ ^^^^^^..'J^^^ 
such as sodium, potassium, calcium or magnesium, or ammonia) or an organic base (e.g.. tnC,-3 

"^"xtTeaa^rbVttr clpound (III) or a salt thereof and the compound (II) or a s~ o^^^; 
carried out by, for example, reacting them in the absence of a solvent or in ^^Z7ZVZ 
solvent for ordinary chemical represents can be used for this reaction, as long as the reaction is not 
nterie red with. Such solvents include organic solvents such as hydrocarbon solvents (^^-g-; 
benzene toluene nitrobenzene), halogenated hydrocarbon solvents (e.g., dichloromethane. chloroform 1 .2 
S Methane car" on tetrachloride), ether solvents (e.g., ethyl ether, tetrahydrofuran, dioxane. dimethox- 
tthanJ nitroalkanes (e.g., nitromethane, propionitrlle). and carbon disulfide, with preference given to 
dc oromethLne, 1 ,2-di;h.oroethane. nitrobenzene, carbon disulfide and others. The -J^oon^J^s^^^^^ 
is normally 0 5 to 100 ml. preferably 5 to 20 ml per mmol of the compound (111) or a salt thereof. Reac^on 
SmpeTatl is normally about -30 to 150-C. preferably about 20 to lOO'C. Reaction time is normally 0.5 to 

''T:::sTc:rs1oVthTs?ercrn include aluminum chloride, aluminum bromide, zinc chloride, titanium 
chloride tin IN^ boron trifluoride. Iron (II) chloride. Iron (111) chloride, antimony (V) pentachlonde^ 

b m th (l; ShLrlde. mercury (.1) chloride, hydrogen fluoride, sulfuric acid and P°'VPhospJ.onc c.d^ w. 
preference given to aluminum chloride and others. The amount of Lewis acid used ,s normally 1 to 10 mol. 
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preferably 2 to 10 mol per mol of the compound (III) or a salt thereof. The amount of the connpound (II) or a 
salt thereof used is nornnally about 1 to 20 nnol, preferably about 1 to 5 mol per mol of the compound (III) or 
a salt thereof. 

In the above reaction, the position at which the following group: 

V r 

-C— (CH)„— Y 



in the compound (III) or a salt thereof is introduced to the compound (II) or a salt thereof may be any one of 
the possible positions of substitution in ring A. However, when the compound (II) or a salt thereof has a 
1,2,2a.3,4,5-hexahydroben2[cd]indole skeleton (provided that ring A has no substituent), it is introduced 
mainly at the 6-position. However, compounds having an introduction at other positions (7- and 8-positions) 
75 may be produced and separated. 

Also, by reacting a compound represented by the formula; 



O Rl 

Ar— c — (CH)„_z2 (IV) 



wherein the symbols have the same definitions as above or a salt thereof, and a compound represented by 
25 the formula: 

Z3-Y" (V) 

wherein the symbols have the same definitions as above or a salt thereof, a compound represented by the 
30 formula: 

O Rl 

Ar — c — (CH)n_ Y" (VI) 

35 

wherein the symbols have the same definitions as above or a salt thereof, can be produced. 

Z2 and independently represent a group capable of splitting off upon reaction therebetween. 
The leaving group for 2^ is exemplified by halogen atoms (e.g., chlorine, bromine and iodine), Ci -e 
40 alkylsulfonyloxy groups (e.g.. methanesulfonyloxy, ethanesulfonyloxy) and Cg-io arylsulfonyloxy groups 
(e.g., benzenesulfonyloxy, p-toluenesulfonyloxy), with preference given to halogen atoms. More specifically, 
is preferably a halogen atom such as an atom of chlorine or bromine. 

The leaving group for Z^ is exemplified by hydrogen atom, trialkylsilyl groups (e.g.. trimethylsilyl, 
triethylsilyl, t-butyldimethylsilyl) and metal atoms (e.g., atoms of sodium, potassium and lithium). A 
45 hydrogen atom, in particular, is often used- 
Salts of the compound (VI) are exemplified by the same salts as specified for the compound (V). 
Salts of the compounds (IV) and (V) include salts with inorganic acids (e.g., hydrochloric acid, 
phosphoric acid, hydrobromic acid, sulfuric acid) and salts with organic acids (e.g., acetic acid, formic acid, 
propionic acid, fumaric acid, maleic acid, succinic acid, tartaric acid, citric acid, malic acid, oxalic acid, 
50 benzoic acid, methanesulfonic acid, benzenesulfonic acid). When having an acidic group such as -COOH. 
the compounds (IV) and (V) may form a salt with an inorganic base (e.g.. alkali metal or alkaline earth metal 
such as sodium, potassium, calcium or magnesium, or ammonia) or an organic base (e.g., tri-Ci-3 
alkylamine such as triethylamine). 

The amount of the compound (V) or a salt thereof used for this reaction is normally 1.0 to 50.0 mol, 
55 preferably 1,0 to 10.0 mol per mol of the compound (IV) or a salt thereof- This reaction can be carried out 
under cooling or heating conditions (0 to 120'C). Reaction time is normally 10 minutes to 48 hours, 
preferably 2 to 16 hours. 



67 



EP 0 607 864 A2 

Although this reaction can be carried out in the absence of a solvent, it may be <=f^"f 
as necessary Any solvent can be used for this reaction, as long as the reaction ,s not interfered w th. Such 
solvents nclude lower alcohols such as methanol, ethanol, propanol. isopropanol. n-butanol and t-butanoh 
e^e^s such as dioxane. ether and tetrahydrofuran, aromatic hydrocarbons such as toluene benzene and 
a xy ene haiogenated hydrocarbons such as dichloromethane. 1 .2-dichloroethane. amides such as ^-ethvl- 
formamlde. dimethylacetamide and hexamethylphosphonotriamlde. and esters such as ethyl acetate and 
butyl acetate. The amount of solvent used is normally 0.5 to 100 ml. preferably 5 to 20 ml per mmol of the 

comDOund (IV-a) or a salt thereof. , . . ■ «i 

?his reaction can be carried out in the presence of a base as necessary. Bases for th.s purpose include 
w inorganic bases such as sodium carbonate, potassium carbonate, lithium carbonate, sodium hydrox.de 
potassium hydroxide, sodium methoxide. sodium ethoxide and sodium hydride and ^^Q^J- f ^^^^ ^^^^^^J 
pyridine, 4-dimethylaminopyridine and triethylamine. The amount of base used is normally 1 mcl or more, 
preferably 1 .0 to 5.0 mol per mol of the compound (V) or a salt thereof. 

Also this reaction may be accelerated as appropriate in the presence of an iodide (e.g sodium iodide, 
,5 potassium iodide, lithium iodide). In this case, the amount of iodide used is normally 1 to 5 mol, preferably 
1 0 to 1 5 mol per mol of the compound (IV) or a salt thereof. 

?he starting material compound (IV) or a salt thereof can be produced by, for example, reacting a 
compound represented by the formula: 

20 Ar-H (II) 

wherein the symbols have the same definitions as above or a salt thereof, and a compound represented by 



the formula: 



25 



30 



O Rl 

II I (VTII) 

Z4— C — (CH)n_Z2 ^"^^ 

wherein represents a leaving group; the other symbols have the same definitions as above or a salt 

''The leaving group for is exemplified by halogen atoms (e.g., atoms of chlorine bromine and iodine), 
C,-s alkylsulfonyloxy groups (e.g.. methanesulfonyloxy, ethanesulfonyloxy) and Cs-,o arylsulfonyloxy 
groups (e.g., benzenesulfonyloxy, p-toluenesulfonyloxy), with preference given to halogen atoms (e.g., 

35 chlorine atom) etc. 

The compound (VUI) can be produced by known methods or modifications thereof. 
The reacSon between the compound (II) or a salt thereof and the compound (Vlll) or a salt thereof can 
be carried out under, for example, the same conditions as for the reaction between the compound (II) or a 
salt thereof and the compound (III) or a salt thereof. 
40 In the above reaction, the position at which the following group: 

O Rl 
II I 
— C — (CH)n — Z2 



45 



50 



55 



in the compound (Vlll) is introduced to the compound (II) or a salt thereof may be any one of the possible 
positions of substitution in ring A. However, when the compound (11) or a salt there of has a l 2,2a,3.4,5- 
hexahydrobenz[cd]indoleskeleton (provided that ring A has no substituent). it is '"t^;;-"^-*^ j;^'" V 
position. However, compounds having an introduction at other positions (7- and 8-pos.tions) may be 

'"'T^Tco'mpo'^ndTJ^Tor a salt thereof thus obtained may be isolated and purified by known means such 
as concentration liquid property conversion, redissolution. solvent extraction, fractional distillation, d st lla- 
Sn crysSlS^tion. recrystaLaLn and chromatography, or may be used in the form of a reaction mixture 
as such, without isolation, as a starting material for the next process. ^ ^ , ^^.th^ric «r 

The starting material compound (V) or a salt thereof can be produced by known methods or 
modifications thereof. 
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Also, the compound (!') wherein n is 2 and Y is a l-piperazinyl group or 4-benzyl-l-piperidinyl group, 
i.e., a compound or a salt thereof represented by the formula: 



O R4 
Ar — C— CH 



•CH 



-Y' 



(IX) 



wherein and independently represent a hydrogen atom or an optionally substituted hydrocarbon 
group; the symbols have the same definitions as above, can be produced by, for example, reacting a 
compound represented by the formula: 



wherein the symbols have the same definitions as above or a salt thereof, a compound represented by the 
formula: 

R5-CHO (XI) 

wherein R^ has the same definition as above, and a compound represented by the formula: 
Z3-Y" (V) 

wherein the symbols have the same definitions as above. 

The optionally substituted hydrocarbon group for R"^ or R^ is exemplified by the same optionally 
substituted hydrocarbon groups which may have a substttuent as specified for R' above. 

Salts of compound (IX) may be the same salts as specified for the compound (T). 

Salts of compound (X) include salts with inorganic acids (e.g.. hydrochloric acid, phosphoric acid, 
hydrobromic acid, sulfuric acid) and salts with organic acids (e.g., acetic acid, formic acid, propionic acid, 
fumaric acid, maleic acid, succinic acid, tartaric acid, citric acid, malic acid, oxalic acid, benzoic acid, 
methanesulfonic acid, benzenesulfonic acid). When having an acidic group such as -COOH, the compound 
(X) may form a salt with an inorganic base (e.g., alkali metal or alkaline earth metal such as sodium, 
potassium, calcium or magnesium, or ammonia) or an organic base (e.g., tri-Ci -3 alkylamine such as 
triethylamine). 

This reaction can, for example, be carried out in the same manner as the procedure for the Mannich 
reaction described in Organic Reaction, Vol. 1, pp. 303-341, and other publications. Specifically, the desired 
product can be produced by reacting the compound (XI) and the compound (V) or a salt thereof with the 
compound (X) or a salt thereof in a molar ratio of normally 0.9 to 10 mol, preferably 1.0 to 3.0 mol of the 
former per mol of the latter. Although this reaction can be normally carried out at room temperature or 
under heating conditions (10 to ISO'C), it is preferable to carry out the reaction at 80 to 120"C. Reaction 
time is normally 1 to 48 hours, preferably 2 to 24 hours. Although this reaction is normally carried out in the 
absence of a solvent, it may be carried out in a solvent as necessary. Any ordinary solvent for the Mannich 
reaction can be used for this reaction, as long as the reaction is not interfered with. Such solvents include 
alcohol solvents such as ethanol. The amount of solvent used is normally 0.5 to 200 ml, preferably 5 to 40 
ml per mmol of the compound (X) or a salt thereof. This reaction can be carried out in the presence of an 
inorganic acid such as hydrochloric acid as necessary. The amount of such acid used is normally catalytic 
for the compound (IV) or a salt thereof (0.001 to 0.05 mol per mol of the compound (X)). However, when the 
compound (V) or (X) for the reaction has not formed a salt, It is preferable to use acid in an amount 
exceeding the minimum amount required for these compounds to form a salt. 

The compound (X) or a salt thereof can be produced by reacting the compound (II) or a salt thereof 
with a compound represented by the formula: 

Z5-CO-CH2-R* (XII) 



O 
II 

Ar — C— (CH)2— R4 



(X ) 
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wherein represents a leaving group; the other synnbols have the same definitions as above. This reaction 
can be carried out under, for exannple. the same conditions as for the above-described reaction between the 
compound (II) or a salt thereof and the compound (VIII). 

The compound (XI) can be produced by known methods or modifications thereof. 

5 With respect to the above reactions, provided that the starting material compound has an amino group, 

a carboxyl group, a hydroxy! group or another group as a substituent therefor, such substituent may have a 
protecting group in common use in peptide chemistry etc. as Introduced therein. The desired compound 
can be obtained by removing the protecting group as necessary upon completion of the reaction. 

Protecting groups for the amino group include Ci-g alkyl-carbonyl groups which may have a substitu- 

10 ent (e.g., formyl, acetyl, ethylcarbonyl). benzoyl, Ci -& alkyl-oxycarbonyl groups (e.g., methoxycarbonyl, 
ethoxycarbonyl), phenyloxycarbonyl groups (e.g., phenoxycarbonyl), C7-15 aralkyloxy-carbonyl groups (e.g., 
benzyloxycarbonyl, fluorenyloxycarbonyl), trityl and phthaloyl. Substltuents for these protecting groups 
include halogen atoms (e.g., fluorine, chlorine, bromine and iodine), C1-6 alkyl-carbony! groups (e.g., 
methylcarbonyl, ethylcarbonyl, butylcarbony!) and nitro group, the number of substituents being about 1 to 

is 3. Protecting groups for the carboxyl group include Ci -g alkyi groups which may have a substituent (e.g., 
methyl, ethyl, n-propyl, isopropyl, n-butyl, tert-butyl). phenyl, trityl and silyl. Substituents for these protect- 
ing groups include halogen atoms (e.g., fluorine, chlorine, bromine and iodine), Ci -6 alkyl-carbonyl groups 
(e.g., formyl, methylcarbonyl, ethylcarbonyl, butylcarbonyl) and nitro group, the number of substituents 
being about 1 to 3. 

20 Protecting groups for the hydroxyl group include Ci-s alkyI groups which may have a substituent (e.g., 

methyl, ethyl, n-propyl, isopropyl, n-butyl, tert-butyl), phenyl, C7-10 aralkyl groups (e.g., benzyl), C1-6 
alkylcarbonyl groups (e.g., formyl, acetyl, ethylcarbonyl), phenyloxycarbonyl groups (e.g., phenoxycar- 
bonyl), C7-10 aralkyi-carbonyl groups (e.g., benzyloxycarbonyl), pyranyl, furanyl and silyl. Substituents for 
these protecting groups include halogen atoms (e.g., fluorine, chlorine, bromine and iodine), Ci -g alkyI 

25 groups, phenyl, C7-10 aralkyl groups and nitro group, the number of substituents being about 1 to 4. 

These protecting groups can be removed by known methods or modifications thereof, including 
treatments with acid, base, reducing agents, ultraviolet rays, hydrazine, phenylhydrazine, sodium N- 
methyldithiocarbamate, tetrabutylammonium fluoride and palladium acetate. 

When the compound (T), (VI) or (IX) or a salt there of thus obtained has an acylamino group which may 

30 have a substituent, it can be converted to a compound or a salt thereof having a primary or secondary 
amino group by deacylation. The starting material compound (1'), (Vt) or (IX) or a salt thereof having an 
acylamino group which may have a substituent may be as isolated and purified by known means such as 
concentration, liquid property conversion, redissolution, solvent extraction, fractional distillation, distillation, 
crystallization, recrystatlization and chromatography, or may be used in the form of a reaction mixture as 

35 such, without isolation, as a starting material. Accordingly, the compound (1'), (VI) or (IX) or a salt thereof 
having an acylamino group which may have a substituent is kept at a temperature of normally 10 to 150"C, 
preferably 50 to 100'C, in an aqueous solution of an acid such as a mineral acid (e.g., nitric acid, 
hydrochloric acid, hydrobromic acid, iodic acid, sulfuric acid) or a base such as an alkali metal hydroxide 
(e.g., sodium hydroxide, potassium hydroxide, barium hydroxide, lithium hydroxide). The amount of such 

40 acid or base used is normally 1 to 100 mol. preferably 1 to 40 mol per mol of the compound (XII) or a salt 
thereof. The strength of acid or base is normally about 0.1 to 10 N, preferably 2 to 10 N. Although varying 
depending on reaction temperature, reaction time is normally about 1 to 24 hours, preferably about 2 to 10 
hours- 

Thus-obtained compound (1'), (VI) or (IX) or a salt thereof having a primary or secondary amino group 
45 which may have a substituent may have a hydrocarbon group which may have a substituent introduced to 
the primary or secondary amino group thereof, to yield the compound (1'), (VI) or (IX) or a salt thereof 
having an amino group substituted for by a hydrocarbon group which may have a substituent. The starting 
material compound (r), (V!) or (IX) or a salt thereof having an primary or secondary amino group may be 
used after isolation and purification by known means such as concentration, liquid property conversion, 
50 redissolution, solvent extraction, fractional distillation, distillation, crystallization, recrystallization and 
chromatography, or may be used in the form of a reaction mixture as such, without isolation, as a starting 
material. Accordingly, the compound (1'), (VI) or (IX) or a salt thereof having an amino group substituted for 
by a hydrocarbon group which may have a substituent can also be produced by reaction between the 
compound (!'), (VI) or (IX) or a salt thereof having a primary or secondary amino group and a compound 
55 represented by the formula: 

R^-Z^ (XIII) 
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wherein represents an optionally substituted hydrocarbon group; represents a leaving group. 

The optionally substituted hydrocarbon group for is exemplified by the same optionally substituted 
hydrocarbon groups as specified for R^. R3 or R^ above. 

The leaving group for is exemplified by halogen atoms (e.g., chlorine, bromine and iodine), Ci -s 
5 alkylsulfonyloxy groups (e.g., methanesulfonyloxy, ethanesulfonyloxy) and Cs-io arylsulfonyloxy groups 
(e.g., benzenesulfonyloxy and p-toluenesulfonyloxy), with preference given to halogen atoms (e.g., chlorine). 

This reaction can be carried out in the presence or absence of a solvent, with a base added as 
necessary. Bases for this purpose include inorganic bases such as sodium carbonate, potassium carbonate, 
lithium carbonate, sodium hydroxide, potassium hydroxide, sodium methoxide, sodium ethoxide and sodium 
w hydride, and organic bases such as pyridine, 4-dimethylaminopyridine and triethylamine. Any solvent can 
be used, as long as it does not interfere with the reaction, such solvents include lower alcohols such as 
methanol, ethanoi. propanol, isopropanol, n-butanol and t-butanol, ethers such as dioxane, ether and 
tetrahydrofuran, aromatic hydrocarbons such as toluene, benzene and xylene, halogenated hydrocarbons 
such dichloromethane, 1 ,2-dichloroethane, amides such as dimethylformamide, dimethylacetamide and 
15 hexamethylphosphonotriamide, and esters such as ethyl acetate and butyl acetate. This reaction can be 
carried out under cooling conditions (about 0 to 10 'C). at room temperature (about 10 to 40 *C) or under 
heating conditions (about 40 to 120'C). Reaction time is normally 10 minutes to 48 hours, preferably 2 to 
16 hours. The amount of compound (XIII) used is preferably 0.3 to 5.0 mol per mol of the compound (!'). 
(VI) or (IX) or a salt thereof having a primary or secondary amino group. The amount of base used is 
20 normally about 1 or more mol, preferably 1.1 to 5 mol per mol of the compound (!'), (VI) or (IX) or a salt 
thereof having a primary or secondary amino group. 

Also, this reaction may be accelerated as appropriate in the presence of an iodide such as sodium 
iodide, potassium iodide or lithium iodide. In this case, the amount of iodide used is normally 1 to 5 mol, 
preferably 1.1 to 1.5 mol per mol of the compound (XI). 
25 The compound (XIII) can be produced by known method or modifications thereof. 

The novel compound (I) or a salt thereof can be produced by the same method as used to produce the 
compound (1') or a salt thereof above. 

The compound (I) or (I') thus obtained can be converted to a salt by a conventional method when it is in 
a free form, and can be converted to a free form or another salt by a conventional method when it is in a 
30 salt form. The compound (I) or (!') or a salt thereof can be isolated and purified by known methods as 
described above. Also, the compound (I) or (!*) or a salt thereof involves steric isomers based on the 
presence of asymmetric carbon atoms. These isomers can also be isolated and purified by known methods 
as described above or other methods such as fractional recrystallization, and chromatography using 
optically active columns. 

35 The compound (I) or (I*) or a salt thereof acts on the central nervous system of mammals, potently 

inhibits cholinesterase and exhibit excellent antiamnestic effects on various amnesia inducing actions in 
humans or animals (e.g., mice). Further, the compound (I) or (1') or salts thereof has monoamine (e.g. 
norepinephirine, serotonin, etc.) reuptake inhibitory activity, and exhibit excellent antidepressant activity, etc. 
in humans or animals (e.g. mice). 

40 The compound (I) or (I*) or a salt thereof is rennarkably excellent in separation of effects on central 
nervous system from those on peripheral nervous system, as compared with physostigmine and. at the anti- 
amnestic and antidepressant dose level, do not cause peripheral nervous system effects such as spasm, 
salivation, diarrhea, etc., with prolonged duration of action and with low toxicity, and they exhibit marked 
effect in oral administration. The acute toxicity (LD50) of the compound (I) or (!') or a salt thereof exceeds 

45 lOOmg/kg. 

For these reasons, the compound of the present invention serves well as a safe brain function 
improving drug in mammals, including humans. 

Diseases against which the compound of the present invention is effective include senile dementia, 
Alzheimer's disease, Huntington's chorea, hyperkinesis and mania. The inventive compound can be used to 
50 prevent or treat these diseases. 

The compound of the present invention can be orally or non-orally administered to mammals, including 
humans, normally in the form of a pharmaceutical preparation with a pharmaceutically acceptable carrier or 
excipient. 

Acceptable dosage forms are oral preparations (e.g., powders, tablets, granules, capsules) and non-oral 
55 preparations (e.g.. suppositories, injectable preparations). These preparations can be prepared by known 
methods. Although varying depending on type of disease, symptoms and other factors, ordinary daily dose 
for oral administration is about 0.01 mg to 50 mg, preferably 0.1 to 30 mg. more preferably 0.5 to 10 mg for 
an adult weighing 70kg. 
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The present invention is hereinafter described in more detail by means of the following working 
examples, reference examples, formulation examples and an experimental example, but the scope of the 
invention is not limited to these examples. 

Elution In column chromatography in the experimental and reference examples was conducted with 
observation by TLC (thin layer chromatography), unless otherwise stated. In the TLC observations, TLC was 
conducted on a TLC plate of Merck 6OF2S4, in which the developing solvent was the same as the column 
chromatography eluent and the detector was a UV detector. Also, 48% HBr was sprayed over the spot on 
the TLC plate, followed by thermal hydrolysis, after which the ninhydrin reagent was sprayed, followed by 
heating. When the response is positive, a red to red-purple color should develop. Using this phenomenon in 
combination with UV detection, the eluted fraction containing the desired product was confirmed and 
collected. The column packing silica gel was Merck Kiesel Gel 60(70-230 mesh), unless otherwise stated. 

"Normal temperature" or "room temperature" is generally defined to be between about 5"C and 40 'C, 
"normal pressure" meaning a pressure of about 1 atm. Also, % is percent by weight unless otherwise 
stated, and C^H^-O^ indicates fumaric acid. 

Reference Example 1 

1 -Formyl-1 ,2,2a.3,4,5-hexahydrobenz[cd]indole 




(1) A mixture of 5.0 g of 1 -benzoyl-1 ,2,2a.3,4,5-hexahydrobenz[cd]indol-5-one, 2.7 g of potassium 
hydroxide, 2 ml of hydrazine hydrate and 20 ml of ethylene glycol was heated at 120*C for 2 hours and 
then at 190 °C for 3 hours. After mixture cooling, water was added, and the reaction product was 
extracted with dichloromethane. After the extract was dried over magnesium sulfate, the solvent was 
distilled off under reduced pressure. The residue was purified by silica gel column chromatography 
(developing solvent: dichloromethane-ethyl acetate = 10:1 (v/v)) to yield 1.9 g of 1 ,2,2a, 3,4.5- 
hexahydrobenz[cd]indole as a colorless crystal having a melting point of 58 to 59 'C. 



Elemental analysis (for Ci 1 Hi 3 N): 


Calculated 
Found 


C, 82.97; 
C, 83.02; 


H, 8.23; 
H. 8.18; 


N, 8.80 
N, 8.80 



(2) To 18 ml of formic acid, 6 ml of acetic anhydride was added dropwise. followed by stirring at room 
temperature for 20 minutes. After a solution of 1.6 g of 1 .2,2a,3,4.5-hexahydrobenz[cd]indole as obtained 
in (1) above in 2 ml of dichloromethane was added, the mixture was stirred at room temperature for 30 
minutes. After water was added to the reaction mixture, the reaction product was extracted with 
dichloromethane. The extract was washed by sequential additions of a 5% aqueous sodium hydroxide 
solution and water, after which the solvent was distilled off under reduced pressure. The resulting crystal 
was recrystallized from dichloromethane-ether to yield the title compound as a colorless crystal having a 
melting point of 93 to 94 'C. 



Elemental analysis (for Ci 2 Hi 3 NO): 


Calculated 
Found 


C, 76.98; 
C, 76.94; 


H, 7.00; 
H, 7.01; 


N. 7.48 
N, 7.52 
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Reference Example 2 

3-Chloro-(1-formyl-1 ,2,2a,3,4,5-hexahydroben2[cd]indol-6-yl)-1-propanone 



5 



10 




IS To a 10 ml solution of 0.8 g of 1-formyl-1 ,2,2a. 3,4,5-fiexahydrobenz[cd]indole as obtained in Reference 

Example 1 and 0.55 g of 3-chloropropionyl chloride in 10 ml of 1 ,2-dichloroethane, 1.4 g of aluminum 
chloride was added portion wise, followed by stirring at room temperature for 4 hours. The reaction mixture 
was poured over ice water, and the reaction product was extracted with dichloromethane. After the extract 
was dried over anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The residue 

20 was purified by silica gel column chromatography (developing solvent: hexane-ethyl acetate-dich- 
loromethane = 10:3:1 (v/v)) to yield 0.7 g of the title compound as a colorless crystal having a melting point 
of 82 to 85 " C. 



25 


Elemental analysis (for Ci 5 Hie CINO2): 




Calculated 


C, 64.87; 


H, 5.81; 


N, 5.04 




Found 


C, 64.98; 


H, 5.84: 


N, 4.99 



Reference Example 3 

3-Chloro- 1 -(benzofuran-2-yl)- 1 -propanone 

35 o 

40 

Using dibenzofuran and 3-chloropropionyl chloride, the same procedure as in Reference Example 2 
was followed, to yield the title compound as a colorless crystal having a melting point of 1 16 to 1 1 8 ' C. 



Elemental analysis (for C15H11CIO2): 


Calculated 
Found 


C, 69.64; 
C, 69.80; 


H, 4.29 
H, 4.25 



55 
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Reference Example 4 

3-Chloro-1 -(2-OXO-1 ,2,2a,3,4,5-hexahydrobenz[cd]indol-6-yl)-1 -propanone 



10 




15 

Using 2a,3,4,5-tetrahydrobenz[cd]indol-2(1 H)-one and 3-chloropropionyl chloride, the same procedure 
as in Reference Example 2 was followed, to yield the title compound as a colorless needle crystal having a 
melting point of 175 to 178"C. 



20 


Elemental analysis (for Ci^Hi ^CIN02): 




Calculated 


C. 63.76; 


H, 5.35; 


N, 5.31 




Found 


C, 63.58; 


H, 5.29; 


N, 5.33 



25 

Reference Example 5 



3-Chloro-1 -(3-carbazoly!)-1 -propanone 

30 



O 



35 




To a 90 ml solution of 5.0 g of carbazole and 4.2 g of 3-chloropropionyl chloride in nitromethane, 4.8 g 
of aluminum chloride was added portion wise, followed by stirring at 45'C for 1 hour. The reaction mixture 
was poured over 100 ml of ice water, and the organic layer was separated and then washed by sequential 
additions of a 50 ml saturated aqueous sodium hydrogen carbonate solution and 50 ml of distilled water. 
After the mixture was dried over anhydrous sodium sulfate, the solvent was distilled off to yield a crystalline 
residue. The residue was collected by filtration and dried under reduced pressure to yield 4.8 g of the title 
compound as a light red crystal having a melting point of 148 to 151 'C. 





Elemental analysis (for C15H12CINO): 


50 


Calculated 


C, 69.91; 


H, 4.69: 


N. 5.43 




Found 


C, 69.82; 


H, 4.76; 


N. 5.44 



55 Reference Example 6 

Using known tricyclic condensed heterocyclic rings and 3-chloropropionyl chloride, the same procedure 
as in Reference Example 2 was followed, to yield the compounds listed in Table 52. 
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O 
II 

Ar — C— CH2CH2CI 



p^mn Melting , , Elemental Analysis 

^?PP- Ar Point Calculated (Found) 

C H N 



No. ^oQj Formula 



o 



169-170 C14H14CINO2 63.76 5.35 5.31 

(63.68 5.20 5.33) 



138-139 C14H14CINO2 63.76 5.35 5.31 

(63.81 5.31 5.40) 



123-125 C15H16CINO2 64.87 5.81 5.04 

(64.64 5.77 5.03) 



146-148 C15H16CINO2 64.87 5.81 5.04 

(64.59 5.73 4.98) 



142-144 C15H16CINO2 64.87 5.81 5.04 

(64.90 5.76 5.01) 



CH, 
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Table 52 (continued) 

Comp. ^ 
No, 



8 




CHO 



I 

CHO 
"O 

r 

CHO 




Melting 
Point 

CO 



Molecular 
Formula 



Elemental Analysis 
Calculated (Found) 



H 





N 



127-129 C18H16CINO2 68,90 5.14 4.46 

(68.93 5.04 4.37) 



132-134 C18H16CINO2 68.90 5.14 4.46 

(68,72 4.98 4.51) 



136-138 C17H14CINO3 64.66 4.47 4.43 

(64.61 4.49 4,32) 



137-140 C16H18CINO2 65.86 6.22 4.80 

(65.79 6.24 4.83) 



Reference Example 7 

3-(1 -Methoxycarbonyt-4-piperidinyI)propiontc acid 



O 
II 

CH3OCN 




H2CH2-CO2H 



In 208 mt of cone, hydrochloric acid, 99.63 g of 3-{1-acetyl-4-piperidlnyl)propionic acid was suspended; 
the suspension was stirred under refluxing conditions for six hours. The reaction mixture was then 
concentrated to half under reduced pressure and allowed to stand at O'C overnight. The crystalline 
precipitate was collected by filtration and washed with cold ethanol. Alter drying, 77.9 g of 3-(4-piperidinyl)- 
propionic acid was obtained. Of this product, 77.5 g was dissolved in a mixture of 360 ml of dich- 
loromethane and 400 ml of 3N sodium hydroxide aqueous solution. To the mixture, 34 ml of methyl 
chlorocarbonate was added dropwise at O'C. and stirred at room temperature for five hours. After the pH of 
the aqueous layer was adjusted to 8 by addition of a 50% sodium hydroxide aqueous solution, the organic 
layer was separated and dried over anhydrous sodium sulfate. The solvent was then evaporated under 
reduced pressure. To the residue, isopropyl ether-hexane was added to yield 76.5 g of the title compound 
as colorless crystals having a melting point of 88-90 'C. 
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Elemental analysis (for CioHi/NO*) 


Calculated 
Found 


C. 55.80; 
C. 55.69; 


H, 7.96: 
H. 8.01; 


N, 6.51 
N. 6.47 



Reference Example 8 

8-(4-Chlorobulylyl)-1 ,2,5.6-tetrahydro-4H-pyroro[3,2,1-ij]quinolin-4-one 




By the same procedure as used in Example 2, 5 g of 1 ,2,5.6-tetrahydro-4H-pyroro[3,2,1 -ij]quinolin-4- 
one and 4.15 g of 4-chlorobutylyl chloride were reacted to yield 6.4 g of the title compound as colorless 
needles having a melting point of 130-131 'C. 



Elemental analysis (for Ci5Hi6CIN02) 


Calculated 
Found 


C, 64.87; 
C, 64.71; 


H. 5.81; 
H. 5.88; 


N, 5.04 
N, 4.99 



Example 1 

1 -( 1 -Formyl- 1 ,2,2a,3,4,5-hexahydroben2:[cd]indol-6-yl)-3-[ 1 -(phenylmethyl)pip6razin-4-yl]- 1 -propanone 




To a suspension of 0.65 g of 3-chloro(1-formyl-1 ,2,2a.3.4,5-hexahydrobenz[cd]indol-6-yl)-1 -propanone 
as obtained in Reference Example 2 and 0.42 g of potassium carbonate in 20 ml of dichloromethane. a 5 ml 
solution of 0.41 g of 1-(phenylmethyl)piperazine in methanol was added, followed by stirring at room 
temperature for 30 minutes. After the solvent was distilled off under reduced pressure, water was added to 
the residue, and the reaction product was extracted with dichloromethane. After the extract was dried over 
anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The resulting oily substance 
was purified by silica gel column chromatography (developing solvent: ethyl acetate-methanol = 10:1 (v/v)) 
to yield 0.6 g of the title compound as a colorless oily substance. 
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Elemental analysis (for C2&H31 N3O2): 


Calculated 
Found 


C, 74.79: 
C, 74.59; 


H. 7.48; 
H, 7.52; 


N, 10.06 
N, 10.03 



Example 2 

1-(1,2.2a.3,4,5-Hexahydrobenz[cd]indol-6-yl)-3-[1-(phenylmethyl)pipera2in-4-yl]-1-propanone trihydrochloride 





♦ 3HC1 



-NH 



To a 10 ml solution of 0.4 g of 1-(1-formyl-1 ,2.2a.3,4,5-hexahydroben2[cd]indol-6-yl)-3-[1-(phenyl- 
methyl)plperazm-4-yl].1-propanone as obtained In Example 1 In methanol, 10 ml of 3 N hydrochloric acid 
was added, followed by stirring at room temperature for 30 minutes. After the methanol was distilled off 
under reduced pressure, a 10% aqueous sodium hydroxide solution was added to obtain a solution pH of 
about 10, and the reaction product was extracted with dichloromethane. After the product was dried over 
anhydrous sodium sulfate, 0.8 ml of 4 N methanol-hydrochloric acid was added. The solvent was distilled 
off under reduced pressure, and the resulting solid was crystallized from methanol-ether to yield 0 46 g of 
the title compound as a colorless crystal having a melting point of 207 to 21 1 ' C (decomposed) 



Elemental analysis (for C25 H3 1 N30' 3HCI); 


Calculated 
Found 


C, 60.18; 
C, 59.98; 


H, 6.87; 
H, 7.01; 


N, 8.42 
N, 8.22 



Example 3 

3-(1-Acetylpiperidin-4-yl)-l-(1-formyl-1,2,2a,3,4,5-hexahydrobenz[cd]lndol-6-yl)-1-propanone 




-NCHO 



To a 10 ml solution of 0.8 g of 1-formyl-i ,2,2a.3,4,5-hexahydrobenz[cd]indole as obtained in Reference 
Example 1 and 1.2 g of 3-(l-acetylpiperidin-4-yl)propionyl chloride in 1 ,2-dichloroethane, 2.0 g of aluminum 
chloride was added portion wise, followed by heating and refluxing for 2 hours. The reaction mixture was 
poured over ice water, and the reaction product was extracted with dichloromethane. After the extract was 
dried over anhydrous sodium sulfate, the solvent was distilled off under reduced pressure The resulting 
residue was purified by silica gel column chromatography (developing solvent: ethyl acetate-methanol = 
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20:1 (v/v)) to yield 1.0 g of the title compound as a viscous oily substance. 



Elemental analysis (for C22H28N2O3): 


Calculated 
Found 


C, 71.71; 
C, 71.47; 


H, 7.66; 
H, 7.58; 


N. 7.60 
N, 7.57 



Example 4 

1-(1,2,2a,3.4,5-Hexahydrobenz[cd]indol-6-yl)-3-[1-(phenylmethyl) piperidin-4-yl]-1-propanone dihydrochloride 




A mixture of 0.4 g of 3-(1 -acetylpiperidin-4-yl)-1 -(1 -formyl-1 ,2,2a.3,4,5-hexahydroben2[cd]indol-6-yl)-1 - 
propanone as obtained in Example 3 and 10 ml of concentrated hydrochloric acid was heated and refluxed 
for 8 hours. After the concentrate hydrochloric acid was distilled off under reduced pressure, the residue 
was dissolved in water, and a 10% aqueous sodium hydroxide solution was added to obtain a solution pH 
of about 11. The reaction product was extracted with dichloromethane. After the product was dried over 
anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The resulting oily substance 
was dissolved in 10 ml of ethanol, after which 0.2 g of potassium carbonate was added, followed by drop by 
drop addition of a 2 ml ethanol solution of 0.17 g of benzyl bromide. After the mixture was stirred at" room 
temperature for 1 hour, the solvent was distilled off under reduced pressure. After water was added . to the 
residue, the reaction product was extracted with dichloromethane. After the extract was dried over 
anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The resulting oily substance 
was purified by silica gel column chromatography (developing solvent; dichloromethane-ethyl acetate = 2:1 
(v/v)) to yield a free base form of the title compound as a colorless oily substance. After 0.6 ml of 4 N 
methanol-hydrochloric acid was added to the oily substance, the solvent was distilled off, to yield 0.36 g of 
the title compound as an amorphous powder. 



Elemental analysis (for C26 H32N20-2HCI): 


Calculated 
Found 


C, 67.67; 
C, 67.43; 


H. 7.43; 
H, 7.44; 


N, 6.07 
N, 6.02 
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Example 5 

1 -(Dibenzofuran-2-y l)-3-[1 -(phenylmethy !)piperazin-4-yl]-1 -propanone 

O 



10 



Using 3-chloro-1-(dibenzofuran-2-yl)-1 -propanone as obtained in Reference Example 3 and 1-(phenyl- 
methyDpiperazine. the same procedure as in Example 1 was followed, to yield the title compound as a 
75 colorless crystal having a melting point of 135 to 136°C. 





Elemental analysis (for C26H2SN2O2): 




Calculated 


C, 78.36; 


H. 6-58; 


N, 7.03 


20 


Found 


C, 78.21; 


H, 6.60; 


N, 6.99 



Example 6 

1.[1-(Phenylmethyl)-1.2,2a,3,4.5-hexahydrobenz[cd]indol-6-yl]-3-[1-(phenylmet 
propanone fumarate 



30 



35 




H 



HO2C 



J 



40 



45 



50 



55 



To a 10 ml solution of 0.5 g of i-(l ,2,2a,3,4,5-hexahydrobenz[cd]indol-6-yl)-3-[1-(phenylmethyl)- 
Diperidin-4-yl]-1-propanone in ethanol,. 0.23 g of potassium carbonate was added, followed by dropwise 
addition of a 2 ml ethanol solution of 0.22 g of benzyl bromide. After the mixture was stirred at room 
temperature for 1 hour, the solvent was distilled off under reduced pressure. After water was added to the 
residue, the reaction product was extracted with dichloromethane. After the extract was dned over 
anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The resulting oily s>Jbstan<:e 
was purified by silica gel column chromatography (developing solvent: ethyl acetate-methanol - 40:1 (v/v)) 
to yield 0.47 g of a free base form of the title compound as a colorless crystal having a melting point of 143 
to MG-C. 



Elemental analysis (for C33H38N2O): 


Calculated 
Found 


C, 82.80; 
C, 82.71; 


H, 8.00; 
H, 8.02; 


N, 5.85 
N, 5.74 



To a 5 ml solution of the resulting crystal in dichloromethane, a solution of 114 mg of fumaric acid in 5 
ml of methanol was added, after which the solvent was distilled off under reduced pressure, to yield 0.53 g 
of the title compound as a colorless crystal having a melting point of 164 to 166-C. 
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Elemental analysis (for C33H38N20-C4H4 04 • I/2H2O): 


Calculated 
Found 


C. 73.61: 
C. 73.43: 


H, 7.18: 
H, 7.04: 


N, 4.64 
N. 4.71 



Example 7 

The same procedure as in Example 6 was followed to yield the compounds listed in Table 53. 

Table 53 



N— R 



Com- 
pound 

No. 


R 


Melting 
Point 

rc) 


Molecular 
Formula 


Elemental Analysis 
Calculated (Found) 


C H N 


I 


CHr^^(^- 0CH3 


115-117 


C34H40N2O2 


80.28 7.93 5.51 
(80.11 7.96 5.38) 


2 


CH5-^^ OCH3 


110-114 


C34H40N2O2. 
C4H4O4 


73.05 7.10 4.48 
(72.93 7.15 4.31) 



Example 8 

1-(1-Acetyl-1,2,2a,3.4,5-hexahydroben2[cd]indol-6-yl)-3-t1-(phenylmethyl)piperidin-4-yl]-1-propanone 
fumarate 




To a 10 ml solution of 0.5 g of 1-(1 ,2,2a,3.4.5-hexahydroben2[cd]indol-6-yl)-3-[1-(phenylmethyl)- 
piperidin-4-yl]-l-propanone in dichloromethane, 0.14 g of acetic anhydride was added, followed by stirring 
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at room temperature for 30 minutes. After 20 ml of a 5% aqueous sodium hydroxide solution was added to 
the reaction mixture, the reaction product was extracted with dichloromethane. After the extract was dried 
over anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The residue was 
purified by silica gel column chromatography (developing solvent: ethyl acetate-methanol = 20:1 (v/v)) to 
5 yield 0.48 g of a free base form of the title compound as a colorless powder. To a 5 ml solution of the 
resulting powder in dichloromethane, a 5 ml solution of 0.13 g of fumaric acid in methanol was added, after 
which the solvent was distilled off under reduced pressure, to yield 0.54 g of the title compound as a 
colorless crystal having a melting point of 173 to 175'C. 



10 


Elemental analysis (for C28H34N202' 


C4H4O4): 




Calculated 


C, 70.31; 


H, 7.01: 


N, 5.12 




Found 


C, 70.11: 


H, 7.16; 


N, 5.13 



15 

Example 9 



1-(2-Oxo-2a,3,4,5-tetrahydro-1H-benz[cd]indol-6-yl)-3-[4-(phenylmethyl)pipera2in-1-yl]-1-propanone 
dihydrochloride 



25 




• 2HC1 



O 



Using the compound obtained in Reference Example 4, the same procedure as in Example 1 was 
followed to yield a free base form of the title compound, which was converted to a dihydrochloride by the 
method described in Example 2 to yield the title compound as a colorless crystal having a melting point of 
185 to 188'C. 





Elemental analysis (for C25H29N302* 


2HCI): 


40 


Calculated 


C, 63.02; 


H, 6.56; 


N, 8.82 




Found 


C, 62.88; 


H, 6.57; 


N, 8.75 



45 



50 



55 
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Example 10 

1-(3-Carba2olyl)-3-(4-benzylpipera2in-1-yl)-1-propanone dihydrochloride 

5 



o 



10 




• 2HC1 



15 

2.1 g of 3-chloro-1-{3-carba20lyl)-1-propanone as obtained in Reference Exannple 5 was dissolved in 50 
ml of diclnloromethane, and 1 .7 g of potassium carbonate and 4.4 g of 1 -benzylpiperazine were added, 
followed by stirring at room temperature for 4 hours. After 30 ml of distilled water was added, the organic 
layer was separated and then washed with 50 ml of distilled water. After the mixture was dried over 

20 anhydrous sodium sulfate, the solvent was distilled off to yield a crystalline residue. The residue was dried 
under reduced pressure to yield 3.0 g of a free form of the title compound as a colorless crystal having a 
melting point of 124 to 126 'C. The 3.0 g of free compound was dissolved in methanol, and 4.0 ml of 4 N 
methanot-hydrochloric acid was added, after which the solvent was distilled off under reduced pressure, to 
yield a solid, which was then washed with methanol, to yield 2.8 g of the title compound as a light red 

25 crystal having a melting point of 206 to 208 'C. 





Elemental analysis (for C26 H27 NgO^ 2HCI* I/2H2O): 




Calculated 


C, 65-13; 


H, 6.31; 


N, 8.76 


30 


Found 


C, 65.13; 


H. 6.23; 


N, 8.72 



Example 1 1 

1 -(3-Carba2o!yl)-3-( 1 -acetylpiperidin-4-y 1)- 1 -propanone 



O 



40 




To a 90 ml solution of 5.0 g of carbazole and 7.2 g of 3-(1-acetylpiperidin-4-yl)propionyl chloride in 
nitromethane, 9.3 g of aluminum chloride was added little by little, followed by stirring at 70'C for 11 hours. 
The reaction mixture was poured over 100 ml of ice water, and the organic layer was separated and then 
washed by sequential additions of a 50 ml saturated aqueous sodium hydrogen carbonate solution and 50 
ml of distilled water. After the mixture was dried over anhydrous sodium sulfate, the solvent was distilled off 
to yield an oily residue. The residue was purified by silica gel column chromatography (developing solvent: 
ethyl acetate-methanol = 20:1 (v/v)) to yield 2.6 g of the title compound as a light yellow powder. 
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Elemental analysis (for C22H24N2O2): 


Calculated 
Found 


C, 75.83; 
C, 75.77; 


H, 6.94; 
H, 6.98; 


N. 8.04 
N, 7.96 



Example 12 

1 -(3-Carbazolyl)-3-(4-piperidinyl)-1 -propanone 




NH 



A solution of 2.1 g of 1-(3-carbazolyl)-3-(1-acetylpiperidin-4-yl)-1-propanone as obtained in Example 11 
in concentrated hydrochloric acid was stirred under refluxing conditions for 19 hours. The solvent was 
distilled off to yield a crystalline residue. A portion (about 0.25 g) of the residue was collected by filtration 
and dned under reduced pressure to yield 0.24 g of a monohydrochloride of the title compound as a light 
blue crystal having a melting point of 243 to 247 °C (decomposed). 



Elemental analysis (for C2oH22N2 0»HCI* I/2H2O): 


Calculated 
Found 


C, 68.27; 
C, 68.56; 


H, 6.87; 
H, 6.60; 


N, 7.96 
N, 7.99 



The remaining portion of the residue was dissolved in 20 ml of distilled water. After 10 ml of a 10% 
aqueous sodium hydroxide solution and 20 ml of dichloromethane were added to the solution the organic 
layer was separated and washed with 30 ml of distilled water and then dried over anhydrous sodium sulfate 
after which the solvent was distilled to yield a crystal, which was dried under reduced pressure to yield 1.2 
g of the title compound as a light yellow crystal having a melting point of 206 to 209 'C. 



Elemental analysis (for C20H22N2O): 


Calculated 
Found 


C, 78.40; 
C, 78.35; 


H, 7.24; 
H, 7.31; 


N, 9.14 
N. 9.08 
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Example 13 

1 -(3-Carba2olyl)-3-[1 -(phenylmethyl)piperidin-4-yl]-1 -propanone hydrochloride 

O 



H 



HCl 



To a solution of 0.7 g of 1-(3-carbazolyl)-3-(piperidin-4-yl)-l -propanone as obtained in Exannple 12 in a 
mixture of N.N-dimethylformamide-dichloromethane (3/1 (v/v)), 0,41 g of potassium carbonate was added, 
followed by stirring at 15 'C for 15 minutes. Then, a solution of 0.37 g of benzyl bromide in 3 ml of 
dichforomethane was added dropwise, followed by stirring at room temperature for 2.5 hours. After the 
solvent was distilled off. 30 ml of distilled water and 30 ml of dichloromethane were added, and the organic 
layer was separated, washed with 50 ml of distilled water and then dried over anhydrous sodium sulfate. 
The solvent was distilled off to yield a crystal, which was dried under reduced pressure to yield 0.69 g of a 
free base form of the title compound as a colorless crystal having a melting point of 155 to 158° C. A 0.55 g 
portion of this free base form was dissolved in methanol, and 0.5 ml of 4 N methanol-hydrochloric acid was 
added, after which the solvent was distilled off under reduced pressure, to yield a solid, which was washed 
with ethanol, to yield 0.52 g of the title compound as a light blue crystal having a melting point of 206 to 
208 'C. 



Elemental analysis (for C27H23N20* HCI^ I/2H2O): 


Calculated 
Found 


C, 73.37; 
C, 73.46; 


H, 6.84; 
H, 6.77; 


N, 6.34 
N, 6.46 



Example 14 

3-(1-Acetylpiperidin-4-yl)-1-(1,2,2a,3,4,5-hexahydroben2[cd]indol-6-yl)-1 -propanone 




1) Using 17 g of 1-formyl-1 ,2,2a, 3,4, 5-hexahydroben2[cd]indole (compound of Reference Example 1), the 
same procedure as in Example 3 was followed to yield 20 g of 3-(1-acetylpiperidin-4-yl)-1-(1-formyl- 
1 ,2,2a,3,4,5-hexahydrobenz[cd]indot-6yl)-1 -propanone. 

2) A mixture of a 150 ml methanol solution of 20 g of the compound obtained in 1) above and 150 ml of 
10% hydrochloric acid was stirred at room temperature for 30 minutes. After the methanol was distilled 
off under reduced pressure, a 10% aqueous sodium hydroxide solution was added to obtain a solution 
pH of about 10. The reaction product was extracted with dichloromethane. After the product was dried 
over anhydrous sodium sulfate, the solvent was distilled off under reduced pressure to yield a 17 g crude 
crystal of the title compound, which was recrystallized from dichloromethane-ether to yield a 9.8 g 
colorless crystal having a melting point of 167 to 169**C. 
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Elemental analysis (for C21 H28N2O2): 


Calculated 
Found 


C, 74.08; 
C, 73.79; 


H, 8.29; 
H, 8.33; 


N, 8.23 
N. 8.12 



Example 15 

1-(1-Ethyl-1 ,2,2a,3,4,5-hexahydroben2[cd]indol-6-yl)-3-[1-(phenylmethyl)piperidin-4-yl]-1-propanone fumarate 




1) A 10 ml suspension of 1 .0 g of 3-(1 -acetylpiperidin-4-y!)-1 -(1 ,2,2a,3,4,5-hexahydrobenz[cd]indol-6-yl)- 
1-propanone, 2.3 g of ethyl iodide and 0.53 g of potassium carbonate in ethano! was stirred at 60 to 
70°C for 12 hours. After the solvent was distilled off under reduced pressure, water was added to the 
residue, after which the reaction product was extracted with dichloromethane. After the extract was dried 
over anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The residue was 
purified by silica gel column chromatography (developing solvent: ethyl acetate) to yield 0.82 g of 3-(1- 
acetylpiper(din-4-yl)-lT(i-ethyl-1,2,2a.3,4,5-hexahydrobenz[cd]indol-6-yl)-1-propanone as a colorless oily 
substance- 



Elemental analysis (for C23H32N2O2): 


Calculated 
Found 


C, 74.96; 
C, 74.88; 


H, 8.75; 
H, 8.74; 


N, 7.60 
N. 7.62 



2) Using 0.75 g of the compound obtained in 1) above, the same procedure as in Example 4 was 
followed to yield 0.65 g of a free base form of the title compound. To a 5 ml solution of the resulting 0.65 
g of free base form in dichloromethane, a 5 ml solution of 0.18 g of fumaric acid in methanol was added, 
after which the solvent was distilled off under reduced pressure, to yield a crystal, which was 
recrystallized from ethanol, to yield 0.68 g of the title compound as a colorless crystal having a melting 
point of 177 to 178'C. 



Elemental analysis (for C28 H36 N2 0* C^H^O^ •3/2H2O): 


Calculated 
Found 


C, 68.67; 
C, 69.05; 


H, 7.74; 
H, 7.50; 


N, 5.01 
N, 5.26 



Example 16 

Using the compound obtained in Example 14, the same procedure as in Example 15 was followed to 
yield the compounds listed in Table 54. 
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R 



Comp. Melting Molecular Elemental Analysis 

No ^ I^omt Tr«^„io Calculated (Found) 

• CO C H N 



CH3 160-162 C27H34N20- 70.56 7.45 5.31 

C4H404-1/2H20 (70.46 7.27 5.44) 



(CH2)2CH3 200-204 C29H38N20- 72.50 7.74 5.12 

C4H4O4 (72.24 7.73 5.27) 



CH(CH3)2 149-153 C29H38N20- 72.50 7.74 5.12 

C4H4O4 (72.47 7.67 5.28) 



4 (CH2)3CH3 189-193 C3oH4oN20- 72.25 7.94 4.96 

C4H404-1/4H20 (72.19 7.91 5.19) 



5 CH2CH(CH3)2 180-181 C30H40N2O- 72.83 7.91 5.00 

C4H4O4 (72.64 7.87 4.76) 



6 (CH2)4CH3 179-181 C3iH42N20- 72.57 8.09 4.84 

C4H404-1/4H20 (72.64 8.03 5.07) 



Example 17 

Using the compound obtained in Reference Example 6, the same procedure as in Example 1 was 
followed to yield the compounds listed In Table 55. 
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At — C— CH2CH2— N 



-CH2 



-o 



Comp. 
No. 



Ar 



Melting 
Point 

rc) 



Molecular 
Formula 



Elemental Analysis 
Calculated (Found) 
C H N 



o 
o 
o 



246-248 



C25H29N302- 
2HC1 



224-227 C25H29N302- 
(decomp.) 2HCM/2H2O 



224-228 C26H31N302- 
(decomp.) 2HC1-H20 



63.02 6.56 
(62.78 6.60 



61.85 
(61.57 



61.41 
(61.36 



6.64 
6.47 



6.94 
6.69 



8.82 
8.77) 



8.66 
8.36) 



8.26 
8.26) 



o 




227-230 C26H31N302- 62.52 6.86 8.41 
2HCII/2H2O (62.77 6.68 8.45) 



168-172 C29H31N302- 
(decomp.) 2HC1-3H20 



60.00 6.77 7.24 
(59.78 6.82 7.27) 



CHO 
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Table 55 (continued) 



Comp. 
No. 



Ar 




Melting 
Point 
CO 



Molecular 
Formula 



240-242 



C26H3iN302- 
2HC1-H20 



Elemental Analysis 
Calculated (Found) 

c 



H 



N 



61.41 6.94 8.26 
(61.35 6.82 8.29) 



8 




I 

CHO 



197-200 C29H31N302- 66.15 6.32 7.98 
2HC1 (65.91 6.42 7.93) 



188-191 C28H29N303- 62.57 6.00 7.82 
2HCM/2H20 (62.87 5.88 7.85) 



CHO 




210-215 C27H33N302- 61.01 7.21 7.91 
(decomp.) 2HC1-3/2H20 (61.16 7.03 7.71) 



10 



oca 



188-191 C3oH33N302- 64.51 6.68 



2HCIH2O 



(64.69 6.74 



7,52 
7.62) 



CHO 



Example 18 

1 -(2-0x0-1 H-ben2[c(d]indol-6-yl)-3-[4-(phenylmethyl)piperazin-1 -yl]-1 -propanone dihy<drochlohde 




• 2HC1 



1) Using 7.5 g of ben2[cd]indol-2(1 H)-one and 6.2 g of 3-chloropropionyl chloride, the same procedure as 
in Reference Example 2 was followed to yield 4.8 g of an about 1:1 mixture of 3-chforo-1-(2-oxo-1 H- 
ben2[cd]indol-6-yl)-1-propanone and unreacted ben2[cd]indol-2(1 H)-one. 

2) To a solution of 1.0 g of the mixture obtained in 1) above in a mixture of dimethylformamide- 
dichloromethane (2 m)/20 ml), 0.68 g of l-benzylpiperazine and 0.34 g of potassium carbonate were 
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10 



added, followed by stirring at room temperature for 1 hour After ^^^;'f,f,3:;',rwt 
reduced oressure water was added to the residue, after which the reaction product was extracted w. h 
reduced P^^^^'^-^^ ^ anhydrous sodium sulfate, the solvent was distilled off. 

r rrdueTas S led chromatography [developing solvent: ethyl ace^te- 

methanol = Tt (v/v)] to yield a fraction containing the desired product. The solvent was dist.Hed off 
metnanoi i u. i \v ;j y , , ^ase form of the title compound as a colorless powder 

„„da, reduced ''<''';";J^J^^'^.l°'^l^^llrJ^^^ ,0 a diKydroohlonde ty We ™,hod 

point of 166 to 170-C. 



Elemental analysis (for C25H26N3O2 •2HCI-3/2H20): 


Calculated 
Found 


C, 60.12; 
C, 60.17; 


H, 6.05; 
H, 6.25; 


N, 8.41 
N, 8.19 



20 



Example 19 

The same.procedure as in Example 18 was followed to yield the compounds listed in Table 56. 



Table 56 



25 



o 



At 



— C— CH2CH?-N^^— CH2 



30 



35 



40 



45 



50 



Table 56 (continued) 



Compou 
nd No. 



R 



Melting 
Point 
CO 



Molecular 
Formula 



Elemental Analysis 
Calculated (Found) 

C H N 



cay 



H 




165-167 C26H33N30- 64.24 6.50 6.61 

2C4H4O4 (64.07 6.57 6.40) 

231-233 C29H31N3O3 64.21 6.13 7.75 

(decomp.) •2HC1 (64.08 5.98 7.69) 



208-211 C34H33N3O3 67.55 5.84 6.95 
.2HC1 (67.23 5.85 6.82) 



55 
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Example 20 

Using 1-(1,2,2a,3,4,5-hexahydroben2[cd]indol-6-yl)-3-[1-(phenylmethyl)piperizin-4-yl]-1-propanone as ob- 
tained in Example 4, the same procedure as in Example 8 was followed to yield the compounds listed In 
Table 57. 



Table 57 




-N— R 



Comp. 
No. 



R 



Melting 
Point 
C'C) 



Molecular 
Formula 



Elemental Analysis 
Calculated (Found) 



H 



N 



1 COCH2CH3 140-142 C29H36N202- 

C4H4O4 

2 COPh Amor- C33H36N202- 

phous C4H4O4 



70.69 
(70.46 

73.00 
(72.95 



7.19 
7.21 

6.62 
6.64 



5.00 
4.97) 

4.60 
4.53) 



Example 21 

8-[3-(4-Formyl- 1 -piperazinyl)- 1 -oxopropy l]-5,6-dihydro-4H-pyroro[3,2. 1 -ij]qLiinolin-2{ 1 H)-one 




By the same procedure as used in Example 1, 13.8 g of 8-(3-chloropropyonyl)-5,6-dihydro-4H-pyroro- 
[3,2,1-ij]quinolin-2(1H)-one described as compound 2 in Reference Example 6, and 7.8 g of 1 -piperazine- 
carboxyaldehyde were reacted to yield 11.0 g of the title compound as a colorless powder having a melting 
point of 143-1 47 'C. 



Elemental analysis (for Ci9H23N3 03) 


Calculated 
Found 


C, 66.84; 
C, 66.69; 


H. 6.79; 
H, 6.79; 


N. 12.31 
N. 12.07 
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Example 22 

8-[3-(1-Piperazinyl)-1-oxopropyl]-5,6-dihydro-4H-pyroro[3,2.1-ij]quinolin-2(1H)-one 




To 30 ml of methanol containing 9.0 g of 8-[3-(4-formyl-1-plperazinyl)-1-oxopropyl]-5,6-dihydro-4H- 
pyroro[3,2.1-ij]quinolin-2(1H)-one obtained in Example 21, 10 ml of cone, hydrochloric acid was added and 
stirred at room temperature for 14 hours. The solvent was evaporated under reduced pressure. The residua! 
aqueous solution was washed with ethyl acetate, and adjusted to about pH 1 1 by addition of a sodium 
hydroxide aqueous solution for extraction with dichloromethane. The extract was dried over anhydrous 
sodium sulfate, and the solvent was evaporated under reduced pressure to yield 6.3 g of the title compound 
as an amorphous powder. 



Elemental analysis (for C18H23N3O2) 


Calculated 
Found 


C, 68.98: 
C, 69.02; 


H, 7.40; 
H, 7.38: 


N, 13.41 
N, 13.25 



Example 23 

8-[3-[4-[(2-Methylphenyl)methyl]-l-piperazinyl]-1-oxopropyl]-5,6-dihydro-4H-pyroro[3,2,1-ij]quinolin-2(1H)- 
one dihydrochloride 




• 2HC1 



In 10 ml of dichloromethane, 0.34 g of 8-[3-(1-piperazinyl)-1-oxopropyl]-5,6-dihydro-4H-pyroro[3,2,1-ij]- 
quinolin-2(1H)-one obtained in Example 22 and 0.19 mg of 2-methy!benzyl bromide were suspended; the 
suspension was stirred at room temperature for six hours. After evaporation of the solvent, the residue was 
dissolved in a 10% hydrochloric acid aqueous solution and washed with ethyl acetate. The aqueous phase 
was adjusted to pH 11 by addition of a sodium hydroxide aqueous solution for extraction with dich- 
loromethane. The extract was dried over anhydrous sodium sulfate, and the solvent was evaporated under 
reduced pressure. The residue was then purified by silica gel column chromatography (developing solvent: 
ethyl acetate-methanol = 10:1 (v/v)) to yield 0.32 g of the colorless oily title compound in a free form. To 
this oily substance, 0.5 ml of 4N methanolic hydrochloric acid was added, followed by evaporation of the 
solvent. The title compound (as dihydrochloride) was thus obtained, in a yield of 0.34 g, as colorless 
crystals having a melting point of 205-208° C. 
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Elemental analysis (for C26H31 N3O2 •2HCI^ H2O) 


Calculated 
Found 


C, 61.41; 
C, 61.64; 


H. 6.94; 
H, 6.76; 


N. 8.26 
N. 8.25 



Example 24 

8-[3-(4-Formyl-1-piperazinyl)-1-oxopropyl]-1,2,5,6-tetrahydro-4H-pyroro[3,2J-lj]qulnolin-4-one 




By the same procedure as used in Example 1, 20.0 g of 8-(3-chloropropionyl)-1 ,2,5.6-tetrahydro-4H- 
pyroro[3,2,1-ij]quinolin-4-one, described as compound 1 in Example 6, and 11.4 g of 1-piperazine carbox- . 
yaldehyde were reacted to yield 20.4 g of the title compound as a colorless powder. 



Elemental analysis (for Ci9H23N303) 


Calculated 
Found 


C, 66.84; 
C, 66.79; 


H, 6.79; 
H. 6.58; 


N, 12.31 
N, 12.05 



Example 25 

8-[3-( 1 -Piperaziny t]- 1 -oxopropyl]- 1 ,2,5,6-tetrahydro-4H-pyroro[3,2, 1 -ij]quinolin-4-one 



? 




Of 8-[3-(4-formyl-1-piperazinyl]-1-oxopropyl]-1 ,2,5,6-tetrahydro-4H-pyroro[3,2,1 -ij]quinolin-4-one ob- 
tained in Example 24, 20 g was reacted by the same procedure as used in Example 22 to yield 14.0 g of 
the title compound as a colorless powder. 



Elemental analysis (for C18H23N3O2) 


Calculated 
Found 


C, 68.98; 
C, 68.69; 


H. 7.40; 
H, 7.29: 


N, 13.41 
N, 13.27 
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Example 26 

8-[3-(1-Methoxycarbonyl-4-piperidinyl)-1-o><opropyl]0,2,5.6-tetrahydro-4H-pyroro[3,2J-ij]quinolin-^^ 




N-CO2CH3 



To 109 ml of thionyl chloride, 65.6 g of 3-(1-methoxycarbonyl-4-piperidinyl)propionlc acid obtained in 
Example 7 was added in small portions at 0-5 °C. The obtained solution was stirred at 0-5 °C for 20 
minutes. After the thionyl chloride was evaporated under reduced pressure, the residue and 43 3 g of 
1,2,5,6-tetrahydro-4H-pyroro[3,2.1-ij]quinolin-4-one were reacted by the same procedure as in Example 2 to 
yield 34.0 g of the title compound as colorless crystals having a melting point of 139-140"C. 



Elemental analysis (for C21H26N2O4) 


Calculated 
Found 


C. 68.09; 
C, 68.21; 


H, 7.07; 
H. 7.01; 


N, 7.56 
N, 7.29 



Example 27 

8-[3-(4-Piperidinyl)-1-oxopropyl]-1,2,5,6-tetrahydro-4H-pyroro[3,2,1-ij]quinolin-4-, 




In a mixture of 200 ml of methanol and 400 ml of cone, hydrochloric acid 34 0 g of 8-[3-(l- 
methoxycarbonyl-4-piperidinyl)-1-oxopropyl]-1,2,5.6-tetrahydro-4H-pyroro[3.2.1-ij]quinolln-4-one obtained in 
Example 26 was dissolved; the solution was stirred for 16 hours under refluxing conditions. After cooling 
the methanol was evaporated under reduced pressure. The residue, adjusted to pH 8-9 by addition of a 
50% sodium hydroxide aqueous solution, was extracted twice with 500 ml of dichloromethane each time 
The extracts were dried over anhydrous sodium sulfate, and the solvent was evaporated under reduced 
pressure. The obtained residue was crystallized from diethyl ether-ethyl acetate to yield 28.3 g of the title 
compound as colorless crystals having a melting point of 1 14-1 16 "C. 



Elemental analysis (for C19H24N2O2) 


Calculated 
Found 


C. 73.05; 
C. 73.21; 


H, 7.74; 
H, 7.65; 


N, 8.97 
N, 8.99 
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Example 28 

8-[3-(1-Methoxycarbonyl-4-piperidinyl)0-oxopropyl]-5.6-dihydro-4H-pyroro[3,2J-ij]quinolin-^^ 




By the same procedure as in Example 26, 3-(1-methoxycarbonyl-4-piperidinyl)propionic acid obtained 
in Example 7 and well-known 5,6-dihydro-4H-pyroro[3,2,1-ij]quinolin-2(1 H)-one were reacted to yield the title 
compound as colorless crystals having a melting point of 140-141 'C. 



Elemental analysis (for C2iH2eN2 04) 


Calculated 
Found 


C. 68.09; 
C. 68.00; 


H, 7.07; 
H, 7.12; 


N, 7.56 
N, 7.73 



Example 29 

8-[3-(4-Ptperidinyl)-1-oxopropyl]-5,6-dihydro-4H-pyroro[3.2,1-ij]quinolin-2(1 H)-one 




By the same procedure as in Example 27, 8-[3-(1-methoxycarbonyl-4-piperidinyl)-1-oxopropyl]-5,6- 
dihydro-4H-pyroro[3,2,1-ij]quinolin-2(1H)-one obtained in Example 28 was reacted to yield the title com- 
pound as a colorless oily substance. 



Elemental analysis (for Ci9H24N2 02) 


Calculated 
Found 


C, 73.05; 
C, 73.10; 


H, 7.74; 
H, 7.58; 


N, 8.97 
N. 8.73 



Example 30 

Using the compound as obtained in Example 22 or 25. the same procedure as in Example 23 was 
followed to yield the compounds listed in Table 58 - Table 63, Table 67 and Table 68 (method A). Using the 
compound as obtained in Example 27 or 29, the same procedure as in Example 13 was followed to yield 
the compounds listed in Table 62 - Table 69 (method B). 
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[Table 67] 
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[Table 69] 
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55 Example 31 

Using the compound as obtained in Reference Example 6 or 8. the same procedure as in Example 1 
was followed to yield the compounds listed in Table 70 and Table 71. 
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[Table 7i: 
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55 Example 32 

Using the compound as obtained in Example 17, the same procedure as in Example 2 was followed to 
yield the compounds listed in Table 72. 
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Table 72 



[Table 72] 



Ar-C-CHzCHz-NCN-CHa-O 



Comp. 
No. 



Ar 




m. p. 

CO 



Molecular 
Formula 



Elemental Analysis 
Calcd. (Found) 
C H N 



184-187 C28H31N3O 57.98 6.78 7.24 

•3HC1-5/2H20 (58.28 6.64 7.39) 





178-181 



178-183 



C28H31N3O 
•3HC1 

C27H29N3O2 
•3HC1-2H20 



amorphous C29H33N3O 
powder -SHCl-HzO 



62.86 6.41 7.86 

(62.61 6.45 7.78) 

56.60 6.33 7.33 

(56.73 6.39 7.23) 

61.43 6.76 7.41 

(61.54 6.61 7.14) 
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Example 33 

1-(6y-Dihydro-5H-diben2[c,e]a2epin-3-yl)-3-[4-(phenylmethyl)-1-piperidinyl]-1-propanone dihydrochloride 



5 




• 2HCI 



Using the compound No. 11 in Example 31, the same procedure as in Example 2 was followed to yield 
;5 the title compound as an amorphous poweder. 



Elemental analysis (for C29H32N20»2HCI»2H20): 


Calculated 
Found 


C, 65.28; 
C, 65.22; 


H, 7.18; 
H, 7.08; 


N. 5.25 
' N, 5.08 



Example 34 

Using the compound as obtained in Example 32 or 33, the same procedure as in Example 6 (method A) 
or Example 8 (method B) was followed to yield the compounds listed in Table 73 and 74. 
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[Table 74j 
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Example 35 

1 -(1 0-Acetyi-1 0,1 1 -dihydrodibenz[b,f][l ,4]oxa2epin-2-yl)-3[1 -(phenylmethyl)-4.piperidinyl]-1 -propanone hy- 
drochloride 



70 




HCl 



15 



20 



Using the known compound, lO-acetyl-10,1 1-dihydrodibenz[b,f][1 ,4]oxa2epine, the same procedures as 
in Example 3 and then Example 4 were followed to yield the title compound as a colorless amorphous 
powder. 



Elemental analysis (for 


c 


30H32N2 O3 


• HCl): 


Calculated 


C, 71.35; 




H, 6.59; 


N, 5.55 


Found 


C, 71.21; 




H, 6.63; 


N, 5.50 



25 



30 



35 



Example 36 

1-(10J1-Dihydrodiben2[b,f][1,4]oxazepin-2-yl)-3-[1-(phenylmethyl)-4-piperidinyl]-1-propan 
loride 



dihydroch- 




.0 



N- 



H 




2HC1 



O 



40 



Using i-(iO-acetyl-lOJl-dihydrodibenz[b,t][1.4]oxazepin-2-yl)-3-[1-(phenylmethyl)-4-piperidinyl]-1-pro- 
panone hydrochloride obtained in Example 35, the same procedure as in Example 12 was followed to yield 
the title compound as colorless crystals having a melting point of 1 44-1 47 'C (decomposition). 





Elemental analysis (for C28 H30N2O2 •2HCN3/2H2 0): 


45 


Calculated 


C. 63.88; 


H, 6.70; 


N, 5.32 




Found 


C. 63.98; 


H, 6.48; 


N, 5.44 



50 Example 37 

Using the known compounds, the same procedures as in Example 3 and then Example 6 were followed 
to yield the compounds listed in Table 75. 
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[Table 75] 

0 

Ar - /! - CH 2 CH 2 -(^N - CH 2 -<^^ 

Elemental Analysis 

Comp. A r in. p. Molecular Calcd. (Found) 

No. 



oca 



CHzPh 



J' 
PhCHz^ 




CcCr 



H 



CC0 



I 

CH; 



COO. 



Cc) 


Formula 


C 




H 


N 


171-173 


C3 7H4 0N2O 


75. 


32 


D. 




4.28 




•C4H404'1/2H20 


(75. 


21 


7. 


06 


4. 06) 


amorphous 


C34H36N20 


68. 


28 


6. 


28 


3. 79 


powder 


•2C4H404-H20 


(68. 


15 


6. 


39 


3.71) 


amorphous 


C27H34N2O 


66. 


23 


6. 


67 


4.41 


powder 


•2C4H4O4 


(66. 


18 


6. 


70 


4.40) 


amorphous 


C28H36N2O 


66. 


65 


6. 


84 


4.32 


powder 


•2C4H4O4 


(66. 


41 


6. 


59 


4.24) 


amorphous 


C30H34N2O 


68. 


04 


7 


23 . 


5. 29 


powder 


•2HC1-H20 


(68. 


42 


7 


62 


4. 99) 



Formulation Example 1 



(1) 

1-(1,2,2a,3,4,5-hexahydrobenz[cd]indol-6-yt)-3-[1-(phenylmethyl)piperidin-4-yl]-1-propan 
dihydrochloride (compound of Example 4) 

(2) Lactose 

(3) Corn starch 

(4) Magnesium stearate 
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1 g of compound (1), 197 g of lactose (2) and 20 g of corn starch (3) were uniformly mixed and 
granulated with a paste prepared from 15 g of corn starch and 25 ml of water. After 15 g of corn starch and 
2 g of magnesium stearate (4) were added, the granules were tableted, using a compressive tableting 
machine, to yield 2000 tablets containing 0.5 mg of compound (1) per tablet and having a diameter of 3 
5 mm. 

Formulation Example 2 



(1) 


2g 


1-(1 ,2,2a,3,4,5-hexahydrobenz[cd]indol-6-yl)-3-[1-(phenylmethyl)piperidin-4-yl]-1-propanone 




dihydrochloride (compound of Example 4) 




(2) Lactose 


197 g 


(3) Corn starch 


50 g 


(4) Magnesium stearate 


2g 



2 g of compound (1), 197 g of lactose (2) and 20 g of corn starch (3) were uniformly mixed and 
granulated with a paste prepared from 15 g of corn starch and 25 ml of water. After 15 g of corn starch and 
20 2 g of magnesium stearate (4) were added, the granules were tableted, using a compressive tableting 
machine, to yield 2000 tablets containing 1.0 mg of compound (1) per tablet and having a diameter of 3 
mm. 

Experimental Example 1 

25 

The cholinesterase inhibitory activity of the compound of the present invention was tested, using 
(acetyl-pH])-acetylchoiine. Using the Si fraction of a male Wistar rat cerebral cortex homogenate as a 
source of cholinesterase, (acetyl-pH])-acetylcholine, as a substrate, and the test compound, as a sample, 
were incubated for 30 minutes. After the reaction was terminated, a toluene scintillator was added and the 
30 reaction mixture was shaken to migrate the [^HJ-acetic acid resulting from the reaction to the toluene layer, 
where radioactivity was counted using a liquid scintillation counter to determine the cholinesterase inhibitory 
activity. 

The sample's cholinesterase inhibitory activity was expressed by 50% inhibitory concentration (IC50). 
The cholinesterase inhibitory activity of physostigmine was determined by the same method. 
35 The results are given in Table 76 
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Table 76 

Compound Acetylcholinesterase 
(Example No.) Inhibitory Activity IC50 (yM) 



4 


0.0918 


16-1 


0.154 


17-1 


0.0030 


17-2 


0.0076 


17-3 


0.0172 


17-4 


0.0095 


17-5 


0.0454 


17-6 


0.0151 


17-7 


0.0330 


17-8 


0.0470 


17-9 


0.0240 


17-10 


0.0968 


20-1 


0.182 


23 


0.0614 


30-1 


0.0287 


30-3 


0.0109 


30-4 


0.0430 


30-10 


0.0189 


30-11 


0.0169 


30-12 


0.0239 


30-13 


0.1297 


30-16 


0.0058 


30-18 


0.0249 


30-19 


0.0119 


30-21 


0.0036 


30-22 


0.0062 


30-24 


0.0015 


30-25 


0.000098 
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Table 76 (continued) 



5 


Compound 
(Example No.) 


Acetylcholinest* 
Inhibitory Activity 




30-26 


0.0044 




30-27 


0.188 


10 


30-29 


0.0293 




30-32 


0.0911 




30-34 


0.0005 


/5 


30-35 


0.0679 




30-38 


0.00018 




30-39 


0.00050 


20 


30-40 


0.000092 




30-41 


0.00047 




30-42 


0.00054 


25 


30-43 


0.000065 




30-44 


0.0599 




30-45 


0.000304 


30 


30-46 


0.000200 




30-47 


0.0195 




30-48 


0.0171 


35 


30-52 


0.00036 




30-53 


0.0254 




30-54 


0.0609 


40 


30-56 


0.0183 




30-58 


0.00012 




30-59 


0.00112 


45 


30-60 


0.000078 




30-61 


0.0156 




31-4 


0.188 


50 


32-1 


0.0024 




32-2 


0.115 
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Compound Acetylcholinesterase 

(Example No,) Inhibitory Activity IC50 (pM) 

32^3 0.0590 

34-1 0,0393 



34-2 0,0200 - 

34-3 0.171 

34-5 0,0316 

37-2 0.184 

37-4 0.136 

37-5 0.081 

Physostigmine 0.220 

From Table 76, it is seen that the compound of the present invention is more potent than physostigmine 
in acetylcholinesterase inhibition. 

Experimental Example 2 

Effects of the compound of this invention on monoamine uptake were investigated using pH] - 
norepinephirine(NE) and pH] - serotonin (5-HT). Rats were sacrificed by decapitation. The cerebral cortex 
and hippocampus were removed and homogenized in 10-15 volumes (WA/) of an ice-cold medium 
containing 0.32 M sucrose. Crude synaptosomal preparations (P2) were isolated after differential centrifuga- 
tion at 1000 x g for 10 min and 20,000 x g for 30 min at 4'C. Synaptosomal membranes were suspended 
in Krebs-Ringer bicarbonate (KRB) solution {116 mM NaCI, 4.8 mM KCI, 1.3 mM CaCb, 1.2 mM MgS04, 
1.2 mM NaH2P04, 25 mM NaHCOs, 0.1 mM EDTA-2Na, 11.1 mM D-glucose, 0.11 mM L-ascorbic acid, 
0.01 mM pargyline). Synaptosomal membrane suspension (900 ul) was preincubated with the test 
compound dissolved in DMSO solution at 37 ^C. for 5 min. The reaction was initiated by addition of 100 ul 
of pH] - NE (1 1 nM in final concentration) or [^H] - HT (10 nM in final concentration). Five minutes later, the 
reaction was stopped by the addition of 4 ml of ice-cold KRB and the reaction mixture was filtered through 
Whatman CF/B. Filters were washed twice with 4 ml of KRB and the radioactivity bound was counted with 
liquid scintillant. Imipramine was used as positive control. All compounds were tested at 10~^, 10~^ 10~^ 
and 10~^M. The results are shown in Table 77. 
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Table 77 



# 



- 

Compound (Example No.) 


Monoamine Reuptake Inhibitory Activity ICso (uM) 




NE 


o-n 1 


o 


0.420 


0.594 


A 

4 


0.347 


0.601 


1 y-1 


0.328 


1.67 


do 


2.43 


0.0668 


oU-1 


4.6 


0.0956 


OU-D 


5.96 


0.0863 


ou-o 


0.643 


0.0607 


30-1 y 


2.82 


0.066 


30-21 


1.54 


0.0882 


30-22 


0.795 


0.0601 


o0-2d 


1.31 


0.0117 




0.559 


0.0798 


30-28 


2.81 


0.0615 


30-36 


7.48 


0.0468 


31-1 


6.183 


0.0463 


31-2 


0.0738 


0.00879 


31-4 


0.16 


0.0207 


31-11 


0.515 


0.0695 


34-4 


0.456 


0.969 


34-6 


0.481 


0.0806 


34-8 


0.197 


0.363 


Imipramine 


1.12 


0.063 



From Table 77, it is seen that the compounds of the present invention are as potent as imipramine in 
monoamine reuptake inhibition. 

Claims 

1. A compound of the formula: 



O 

Ar — C— (CH)n— Y ^ 

wherein Ar is an optionally substituted tricyclic condensed benzene ring group which includes at least 
one heterocyclic ring as a component ring; n is an integer from 2 to 10; is a hydrogen atom or an 
optionally substituted hydrocarbon group which may be different from one another in the repetition of n; 
and Y is an optionally substituted 4-piperidinyl, 1-piperazinyl or 4-benzyl-1-piperidinyl group, or a salt 
thereof. 

2. A compound as claimed in claim 1, wherein Y is an optionally substituted 4-piperidinyl or l-piperazinyl 
group- 

3. A compound as claimed in claim 1, wherein Ar is a tricyclic condensed benzene ring group of the 
formula: 
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wherein ring A is a benzene ring which may be substituted by 1 to 3 substituents selected fronn the 
group consisting of Ci -4 alkyl. halogen, nitro, cyano, hydroxy, Ci -4 alkoxy, C1-4 alkylthio, amino, 
nnono- or di-Ci -4 alkylamino. 5 to 7-mennbered cyclic annino, C1-4 alkyl-carbonylamino. aminocar- 
bonyloxy, mono- or di-Ci-4 alkylamino-carbonyloxy. Ci-4 alkylsulfonylamino. Ci -4 alkoxy-carbonyl, 
carboxyl, Ci -6 alkyl-carbonyl, C3-7 cycloalkyl-carbonyl, carbamoyl, mono- or di-Ci -4 alkyl-carbomoyi, 
Ci-6 alkylsulfonyl, C3-7 cycloalkylsulfonyl and a phenyl, naphthyl, mono- or di-phenyt-Ci -3 alkyl, 
phenoxy, benzoyl, phenoxycarbonyl. benzylcarbonyl. phenyl-Ct -4 alkyl-carbonylamino, benzoylamino, 
phenyl-Ci -4 alkylsulfonyl, phenylsulfonyl, phenyl-Ci-4 alkylsulfinyl, phenyl-Ci -4 alkylsulfonylamino or 
phenylsulfonylamino group which may be substituted by 1 to 4 substituents selected from the group 
consisting of Ci -4 alkyl, Ci -4 alkoxy, halogen, hydroxy, benzyloxy, amino, mono- or di-Ci -4 al- 
kylamino, nitro, C1-6 alkyl-carbonyl and benzoyl; one of rings B and C is a 4- to 14- membered 
heterocyclic ring having one to three hetero atoms selected from nitrogen, oxygen and sulfur, the other 
being a 5- to 8- membered ring which may have one to three hetero atoms selected from nitrogen, 
oxygen and sulfur as component atoms of the ring and rings B and C may be substituted on any 
carbon atom thereof by one. to five substituents selected from the group consisting of halogen, nitro, 
cyano, 0x0, hydroxy, Ci -4 alkoxy, C1-4 alkylthio, amino, mono- or di-Ci -4 alkylamino, 5- to 7- 
membered cyclic amino, Ci -4 alkyl-carbonylamino, Ci -4 alkylsulfonylamino, Ci -4. alkoxy-carbonyl, 
carboxyl, Ci -e alkyl-carbonyl, carbamoyl, mono- or di-Ci -4 alkyl-carbamoyi and Ci-e alkylsulfonyl and 
may be substituted on the nitrogen atom(s) by (1) a straight-chain or branched Ci-n alkyl, C2-S 
alkenyl, C2-6 alkynyl group, C3-7 monocyclic cyctoalkyi or Cs-m bridge ring saturated hydrocarbon 
group which may be substituted by 1 to 5 substituents selected from the group consisting of halogen, 
nitro, cyano. hydroxy, Ci -4 alkoxy, Ci -4 alkylthio. amino, mono- or di-Ci-4 alkylamino, 5 to 7- 
membered cyclic amino, Ci -4 alkyl-carbonylamino, C1-4 alkylsulfonylamino, C1-4 alkoxy-carbonyl, 
carboxyl, Ct -s alkyl-carbonyl. carbamoyl, mono- or di-Ci-4 alkyl-carbamoyi and Ci -e alkylsulfonyl, (2) 
a Ce-14 aryl, C7-18 aralkyl. C6-14 aryl-C2-i2 alkenyl. Cg-m aryl-C2-i2 alkynyl or C3-7 cycloalkyl- 
Ci -6 alkyl group which may be substituted by 1 to 5 substituents selected from the group consisting of 
Ci -4 alkyl, halogen, nitro, cyano, hydroxy, C1-4 alkoxy, Ci -4 alkylthio, amino, mono- or di-Ci-4 
alkylamino. 5 to 7-membered cyclic amino, Ci -4 alkyl-carbonylamino, aminocarbonyloxy, mono- or di- 
Ci-4 alkylamino-carbonyloxy, Ci -4 alkylsulfonylamino. Ci -4 alkoxy-carbonyl, carboxyl, Ci -5 alkyl- 
carbonyl, C3-7 cycloalkyl-carbonyl, carbamoyl, mono- or di-Ci -4 alkyl-carbamoyi, Ci -s alkylsulfonyl, 
C3-7 cycloalkylsulfonyl and a phenyl, naphtyl, mono- or di-phenyl-Ci -3 alkyl, phenoxy, benzoyl, 
phenoxycarbonyl, benzylcarbonyl, phenyl-Ci -4 alkyl-carbamoyi. phenylcarbamoyl, phenyl-Ci -4 alkyl- 
carbonylamino, benzoylamino, phenyl-Ci ^4 alkylsulfonyl, phenylsulfonyl, phenyl-Ci -4 alkylsulfinyl, phe- 
nyl-Ct-4 alkylsulfonylamino or phenylsulfonylamino group which may be substituted by 1 to 5 
substituents selected from the group consisting of Ci -4 alkyl, Ci -4 alkoxy, halogen, hydroxy, ben- 
zyloxy, amino, mono- or di-Ci -4 alkylamino, nitro, Ci alkyl-carbonyl and benzoyl or (3) an acyl group 
which may be substituted by 1 to 3 substituents selected from the group consisting of halogen, nitro, 
hydroxy, amino, mono- or di-Ci-6 alkylamino and C1-4 alkoxy: 

is (1) a hydrogen atom, (2) a straight-chain or branched Ci-n alkyl, C2-6 alkenyl or C2-6 
alkynyl group, C3-7 monocyclic cycloalkyi or Cs-m bridge ring saturated hydrocarbon group which 
may be substituted by 1 to 5 substituents selected from the group consisting of halogen, nitro, cyano, 
hydroxy, Ci -4 alkoxy, Ci -4 alkylthio, amino, mono- or di-Ci -4 alkylamino, 5 to 7-membered cyclic 
amino, Ci -4 alkyl-carbonylamino, Ci -4 alkylsulfonylamino. C1-4 alkoxy-carbonyl, carboxyl. Ci -6 alkyl- 
carbonyl. carbamoyl, mono- or di-Ci -4 alkyl-carbamoyi and Ci -e alkylsulfonyl or (3) a C6-i4 aryl, 
C7-18 aralkyl, Cs-i4 aryl-C2-i2 alkenyl, C6-14 aryl-C2-i2 alkynyl or C3-7 cycloalkyl-Ci -6 alkyl group 
which may be substituted by 1 to 5 substituents selected from the group consisting of Ci -4 alkyl, 
halogen, nitro, cyano. hydroxy, Ci -4 alkoxy, C1-4 alkylthio, amino, mono- or di-Ci -4 alkylamino, 5 to 
7-membered cyclic amino, Ci -4 alkyl-carbonylamino, aminocarbonyloxy, mono- or di-Ci -4 alkylamino- 
carbonyloxy, C1-4 alkylsulfonylamino, Ci -4 alkoxy-carbonyl, carboxyl, Ci -g alkyl-carbonyl, C3-7 
cycloalkyl-carbonyl, carbamoyl, mono- or di-Ci -4 alkyl-carbamoyi, Ci -e alkylsulfonyl, C3-7 cycloalkyl- 
sufonyl and a phenyl, naphthyl, mono- or di-phenyl-Ci -3 alkyl, phenoxy, benzoyl, phenoxycarbonyl, 
benzylcarbonyl, phenyl-Ci -4 alkyl-carbamoyi. phenylcarbamoyl, phenyl-Ci -4 alkyl-carbonylamino. ben- 
zoylamino, phenyl-Ci-4 alkylsulfonyl, phenylsulfonyl, phenyl-Ci -4 alkylsulfinyl, phenyl-Ci -4 alkylsul- 
fonylamino or phenylsulfonylamino group which may be substituted by 1 to 5 substituents selected 
from the group consisting of Ci -4 alkyl, C1-4 alkoxy, halogen, hydroxy, benzyloxy, amino, mono- or di- 
Ci -4 alkylamino, nitro, Ci -s alkyl-carbonyl and benzoyl, which may be different from one another in 
the repetition of n; 

Y is (1) a 4-piperidinyl or 1-piperazinyl group which may be substituted by 1 to 5 substituents 
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selected from the group consisting of (a) a straight-chain or branched C-n alkyi, C2-S alkenyl. Ca-e 
atvnv7group C3 . monocyclic cycloalkyl or Cs-,. bridge ring saturated hydrocarbon group wh.ch 
S be substituted by 1 to 5 subs^uents selected from the group consisting of halogen, n-tro^cyano 
hydroxy C alkoxy C,-. alkylthio, amino, mono- or di-C,-. alkylamino 5 to T-membered cychc 
amino. C,-. alky.-carbonylamino, C,-. alkylsulfonylamino, C,-. ^'^oxy-carbonyl^ carboxyl, C, -.s a kyl- 
carbonvl carbamoyl mono- or di-C,-4 alkyl-carbamoyi and C,-6 alkylsulfonyl, (b) a Cs-i. aryl, Cy-ts 
? ary--C.-. alkenyl, C.-. aryl-C.-. alkynyl or C3-. cycloa,ky.-C, -s ^^^^ 
may be substituted by 1 to 5 substituents selected from the group consisting of Ci alkyl, halogen, 
nitro. cyano, hydroxy. C,-. alkoxy, C,-. alkylthio. amino, mono- or d'-^' -^/'J^'^-^'^^; J^^^.^ 
membered cyclic amino, C,-. alkyl-carbonylamino. aminocarbonyloxy. mono- or djCi -. alky ammo 
carbonyloxy C,-4 alkylsulfonylamino. C,-. alkoxy-carbonyl, carboxyl. C-s alkyjarbonyl C3- 
ZS7cartonv\ carbamoyl, mono- or di-C,-* alkyl-carbamoyl. C-s alkylsulfonyl. C3-7 cycloalkyl- 
2Son7and a°pLnyl. naphthyl. mono- or di-phenyl-C, -3 alkyl. phanoxy. benzoyl, P/^enoxycarbonyl. 
Snzylcarbonyl, phenyl-C,-. alkyl-carbamoyl, phenylcarbamoyl, phenyl-C,-. alkyl-carbonylamma ben- 
Slarninrphenyl-C,-. alkylsulfonyl, phenylsulfonyl, phenyl-C,-. alkylsulfonyl, phenyl-C,-. alkylsu^ 
fonTm'o or phenylsulfonylamino group which may be substituted by 1 to ^ -bst.tuents se ected 
from the group consisting of C,-. alkyl. C,-. alkoxy. halogen, hydroxy, benzoyloxy, amino, mor^o- or 
d° C.l. aS<ylamino, nitro C, -s alkyl-carbonyl and benzoyl, (c) an acyl group which may be -bst,tuted 
by 1 to 3 substituents selected from the group consisting of halogen, nitro, hydroxy, ammo, mono- or 
df-C-s alkylamino and C,-. alkoxy, (d) halogen atom, (e) nitro group, (f) cyano group, (g) oxo^group, 
(h) hydroxy! group, (i) C,-. alkoxy group, (j) C,-. alkylthio group, (k) amino group. (1) mono or d -C,-. 
alkylLino group (m) 5 to 7-membered cyclic amino, (n) C, alkyl-carbonylammo group, (o) C,-. 
a kyl sulfonylamino group. (P) C-. alkoxy-carbonyl group, (q) pheny,-C,-. a|koxv-carbonyl grou^ (r) 
carboxyl group, (s) C, -s alkyl-carbonyl group, (t) benzoyl group wh.ch may be substituted by 1 to 3 
substituents selected from the group consisting of C,-. alkyl, halogen C,-. alkoxy, o; ^'-0-- 

alkylamino, 5- to 7-membered cyclic amino group, nitro and hydroxy, (u) carbamoy group, (v) mono or 
di C alkyl-carbamoyl group and (w) C-s alkylsulfonyl group or (2) a 4-benzyl- -pipendmyl group 
which may be substituted by 1 to 5 substituents selected from the group °' f^^T^/^'^^^ 

halogen, nitro, cyano, hydroxy, C,-. alkoxy, C, alkylthio. ammo, mono- or ^'-C .-Yalkylammo^S^t^^ 
7-membered cyclic amino, C,-. alkyl-carbonylamino, aminocarbonyloxy, mono- or d,-C, -4 alky ammo 
carbonyloxy, C,-. alkylsulfonylamino, C,-. alkoxy-carbonyl, carboxyl, C,-. alkyl-carbonyl^ 
cycloalkyl-carbonyl, carbamoyl, mono- or di-C, alkyl-carbamoyl, C-s alkylsulfonyl. C3-7 cycloalky 
SuSonyl and a phenyl, naphthyl, mono- or di-phenyl-C, -3 alkyl, phenoxy, benzoyl, phenoxycarbonyl, 
berzyLrbonyl. phenyl-C, alkyl-carbamoy,, phenylcarbamoyl phenyl-C, ^1 Vl-carbonylamma ben- 
zovlamino phenyl-C,-4 alkylsulfonyl. phenylsulfonyl, phenyl-C,-4 alkylsufmyl, phenyl-C,-, alkylsul 
onC'o or phenylsulfony'amino group which may be substituted by 1 to 5 -bst.tuents selected 
from the group consisting of C,-. alkyl, C,-. alkoxy, halogen, hydroxy, benzyloxy, ammo, mono- or di- 
Ci -4 alkylamino, nitro, Ci -s alkyl-carbonyl and benzoyl. 

4. A compound as claimed in claim 3, wherein Ar is a tricyclic condensed benzene ring group of the 



formula: 



wherein the symbols have the same definitions as in claim 3. 

A compound as claimed in claim 4. wherein ring A is a benzene ring which may be substituted with 1 
or 2 Sogen atoms; ring B is a 5- to 8-membered heterocyclic ring having 1 or 2 hetero atoms selected 
?rom o?ygen 'nitrogen and sulfur as component atoms of the ring, which nnay be -b^™;^ ^^^^ 
carbon Item with alkyl and/or 0x0 and being optionally substituted on the -trogen a om(s) with 
or 2 substituents selected from the group consisting of (1) a C-s alkyl. phenyl-C, alkyl. C- -s alkyl 
carbonyl, benzoyl. C,-. alkoxy-carbonyl or mono- or di-C, alkyl-carbamoyl Qroup which may be 
substituted with 1 or 2 substituents selected from the group consisting of halogen, nitro C,-. alkoxy 
anS hydroxy, (2) formyl and (3) carbamoyl ; and ring C is (1) a benzene ring which may be subsWuted 
S aC-s alkyl and/or a C,-. alkyl-carbonyl, (2) cyclohexane ring or (3) a pyrrolidine nng which may 
be substituted with a Ci -e alkyl and/or oxo. 
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6. A compound as claimed in claim 4, wherein rings A and C is benzene ring; and ring B is a 5- to 8- 
membered heterocyclic ring having 1 or 2 hetero atoms selected from oxygen, nitrogen and sulfur as 
component atoms of the ring, which may be substituted on the nitrogen atom(s) with formyl or C^ -s 
alkyl. 

7. A compound as claimed in claim 3 . wherein Ar is a tricyclic condensed benzene ring group of the 
formula: 



wherein the symbols have the same definitions as in claim 3. 

8. A compound as claimed in claim 7, wherein ring A is a benzene ring which may be substituted with 1 
or 2 halogen atoms; ring B is a 5- to 8-membered heterocyclic ring having 1 or 2 hetero atoms selected 
from oxygen, nitrogen and sulfur as component atoms of the ring, which may be substituted on any 
carbon atom with Ci-e alkyl and/or oxo and being optionally substituted on the nitrogen atom(s) with 1 
or 2 substituents selected from the group consisting of (1) a Ci -e alkyl, phenyl-Ci alkyl. Ci-s alkyl- 
carbonyl, benzoyl, Ci -6 alkoxy-carbonyl or mono- or di-Ci -4 alkyl-carbamoyi group which may be 
substituted with 1 or 2 substituents selected from the group consisting of halogen, nitro, Ci -4 alkoxy 
and hydroxy, (2) formyl and (3) carbamoyl ; and ring C is (1) a 5- to 7-membered saturated carbon ring, 
(2) a 5- to 7-membered nitrogen-containing saturated heterocyclic ring which may be substituted with 
Ci -e alkyl and/or 0x0 or (3) benzene ring. 

9. A compound as claimed in claim 7, wherein ring A is benzene ring; ring B is a 5- or 6-membered 
nitrogen-containing saturated heterocyclic ring which may be substituted on any carbon atom with Ci -6 
alkyl and/or 0x0; and ring C is cyclohexane ring or a 5- to 7-membered nitrogen-containing saturated 
heterocyclic ring. 

10. A compound as claimed in claim 1, wherein Ar is dibenzofuran-2-yl. 

11. A compound as claimed in claim 1, wherein Ar is 1 ,2,2a,3,4,5-hexahydrobenz[cd]indol-6-yl. 

12. A compound as claimed in claim 1, wherein Ar is 1-formyl-1 ,2,2a,3,4,5-hexahydrobenz[cd]indol-6-yl. 

13. A compound as claimed in claim 1 wherein Ar is 1 ,2,3,3a,8,8a-hexahydropyrrolo[2,3-b]indol-5-yl. 

14. A compound as claimed in claim 1, wherein Ar is 5,6-dihydro-2(1 H)-oxo-4H-pyrrolo[3,2,1-ij]quinolin-8-yl. 

15. A compound as claimed in claim 1, wherein Ar is 4-oxo-1 ,2,5,6-tetrahydro-4H-pyrrolo[3,2,1 -ij]quinolin-8- 

yi- 

16. A compound as claimed in claim 1, wherein Ar is 1 ,2,4,5,6,7-hexahydro-2-oxoazepinot3,2,1-hi]indol-9-yL 

17. A compound as claimed in claim 1, wherein Ar is 2,3,6, 7-tetrahydro-5-oxo-1 H.SH-benzofijlquinolizin-Q- 
yl- 

18. A compound as claimed in claim 1, wherein Ar is 6,7-dihydro-5H-dibenz(c,e]azepin-3-yl. 

19. A compound as claimed in claim 1, wherein Ar is 5,6,11 .12-tetrahydrodibenz[b,f]azocin-8-yL 

20. A compound as claimed in claim 1, wherein Ar is 1 ,2,3,4,4a,9a-hexahydrocarbazol-6-yl. 

21. A compound as claimed in claim 1 , wherein n is an integer from 2 to 6. 
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22. A compound as claimed in claim 1, wherein is H. 



23. A compound as claimed in claim 1,4 or 7, wherein Y is a group of the formula: 




or 




wherein R' is (1) a benzyl which may be substituted with 1 or 2 substituents selected from the group 
consisting of Ci -e alkyi, halogen, nitro. cyano, amino, mono- or di-Ci-6 alkylamino, hydroxy, Ci -s 
alkoxy. phenyl-Ci alkoxy and Ci alkylenedioxy, (2) cyclohexyl, (3) phenyl, (4) formyl, (5) Ci -e 
alkyl-carbonyl, (6) benzoyl or (7) Ci -6 alkoxy-carbonyl and R" and R'" are the same or different, Ci -6 
alkyI, halogen, nitro, cyano, hydroxy, Ci -s alkoxy, phenyl-Ci alkoxy or Ci -4 alkylenedioxy. 

24. A compound as claimed in claim 1, wherein Y is 1-benzyl-4-piperidinyl, 4-benzyl-1 -piperazinyl or 4- 
benzyl-1-piperidinyL 

25. A compound as claimed in claim 1 selected from 

8-[3-[4-[(3-methylphenyl)methyl]-1-pjperazinyl]-1-oxopropyl]-1.2,5,6-tetrahydro-4H-pyrrolo[3,2,1-ij]- 
quinolin-4-one or a salt thereof, 

8-[3-[4-[(3-chlorophenyl)methyl]-1-piperazinyl]-1-oxopropyl]-1,2,5,6-tetrahydro-4H-pyrrolo[3,2,1-ij]- 
quinolin-4-one or a salt thereof, 

8-[3-[4-[(2-methylphenyl)methyl]-1 -piperazinyl]-1 -oxopropyl]-5,6-dihydro-4H-pyrrolo[3,2, 1 -ij]quinolin- 
2(1H)-one or a salt thereof, 

8-[3-[4-[(3-chlorophenyl)methyl]-1-piperazinyl]-1-oxopropyl]-5,6-dihydro-4H-pyrrolo[3,2,1-ij]quinolin- 
2(1H)-one or a salt thereof, 

8-[3-[1-(phenylmethyl)-4-piperidinyl]-1-oxopropyl]-1,2,5,6-tetrahydro-4H-pyrrolo[3,2,1-ij]quinolin-4- 
one or a salt thereof, 

8-[3-[1-[(4-methylphenyl)methylH-piperidinyl]-1-oxopropyl]-1,2,5,6-tetrahydro-4H-pyrrolo[3,2,1-fj]- 
quinolin-4-one or a salt thereof, 

8-[3-[ 1 -[(3-methoxyphenyl)methyl]-4-piperidinyl]- 1 -oxopropyl]- 1 ,2,5,6-tetrahydro-4H-pyrrolo[3,2, 1 -ij]- 
quinolin-4-one or a salt thereof, 

8-[3-[ 1 -[(2,4-dimethytpheny l)methy l]-4-piperidiny I]- 1 -oxopropyl]- 1 ,2,5,6-tertrahydro-4H-pyrrolo[3,2, 1 - 
tj]quinolin-4-one or a salt thereof, 

8-[3-[1 -[(2, 5-dimethylphenyl)methyl]-4-piperidinyl]-1 -oxopropyl]- 1,2, 5, 6-tetrahydro-4H-pyrrolo[3,2,1- 
ij]quinolin-4-one or a salt thereof, 

8-[3-[1-[(4-chlorophenyl)methyl]-4-piperidinyl]-1-oxopropy!]-1.2,5,6-tetrahydro-4H-pyrrolo[3,2,1-ij]- 
quinolin-4-one or a salt thereof, 

8-[3-[1-[(4-nitrophenyl)methyl]-4-piperidinyl]-1-oxopropyl]-1,2,5,6-tetrahydro-4H-pyrrolo[3,2,1-ij]- 
quinolin-4-one or a salt thereof, 

8-[3-[1-(phenylmethyl)methyl]-4-piperidinyl]-1-oxopropyl]-5,6-dihydro-4H-pyrrolo[3,2.1-lj]quinolin-2- 
(1 H)-one or a salt thereof, 

8-[3-[1-[(3-methoxyphenyl)methyl]-4-piperidinyl]-1-oxopropy]-5.6-dihydro-4H-pyrrolo[3,2,1-ij]- 
quinolin-2(1H)-one or a salt thereof, 

8-[3-[4-(phenylmethyl)-1-piperidinyl]-1-oxopropyl]-1,2,5.6-tetrahydro-4H-pyrrolo[3,2,1-ij]quinolin-4- 
one or a salt thereof, 

8-[3-[4-(phenylmethyl)-1-piperidinyl]-1-oxopropyl]-5,6-dihydro-4H-pyrrolo[3.2,1-ij]quinolin-2(1H)-one 
or a salt thereof, 

1 -(1 ,2,2a,3,4,5-hexahydrobenz[cd]indol-6-yl)-3-[1 -(phenylmethyl)piperidin-4-yl]-1 -propanone or a salt 



1 -(1 -methyl-1 .2,2a,3,4,5-hexahydrobenz[cd]indol-6-yl)-3-[1 -(phenylmethyi)piperidin-4-yl]-1 - 
propanone or a salt thereof, 

1 -(1 ,2,3,4,4a,9a-hexahydrocarbazol-6-yl)-3-[1 -(phenylmethyl)-4-piperidinyl)-1 -propanone or a salt 
thereof, 

1-(9-methyl-1.2,3,4,4a,9a-hexahydrocarbazol-6-yl)-3-[1-(phenylmethyl)-4-piperldlnyl)-1 -propanone or 
a salt thereof, 



thereof. 
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1-(67-dihydro-5H-diben2[c,e]a2epin-3-yl)-3-[4-(phenylmethyl)-1-pipera2inyl)-1-propa or a salt 
thereof, 

1-(67-dihydro-5H-diben2[c,e]azepin-3-yl)-3-t4-(phenylrTiethyl)-1-piperidinyl)-1-propanorie or a salt 
thereof, 

3-[1 -(pheny Imethy l)-4-piperidinyl]-1 -(5,6, 1 1 , 1 2-tetrahydrodibenz[b.f ]a2ocin-8-yl)- 1 -propanone or a 
salt thereof, 

1-[2-(phenylmethyl)-2,3-dihydro-1H-beri2[de]isoquiriolin-6-yl]-3-[1-(pheriylmethyt)-4-piperidinyl]-^ 
propanone or a salt thereof, 

26. A nnethod for producing the compound of claim 1, which comprises reacting a compound of the 
formula: 

Ar-H (II) 

wherein Ar has the same definition as in claim 1, or a salt thereof, with a compound of the formula: 



O 

Zl— C— (CH)n— Y 



L (m) 



wherein R', Y and n have the same definitions as in claim 1; and Z' represents a leaving group, or a 
salt thereof. 

27. A method for producing a compound of the formula: 

O Rl 



Ar — c — (CH)o — Y" 



(VI) 



wherein Y" is an optionally substituted l-piperazinyl or 4-ben2yl-1 -piperidinyl group, and the other 
symbols have the same definitions as in claim 1 , or a salt thereof, which comprises reacting a 
compound of the formula: 



O 

Ar— c — (CH)n— Z2 

or a salt thereof, with a compound of the formula: 
Z3-Y" (V) 

wherein 7? and 2? are groups capable of reacting with each other to be removed; and the other 
symbols have the same definitions as in claim 1 , or a salt thereof. 

28, A cholinesterase inhibitory composition, for treating a cholinesterase dependent disease which contains 
an effective cholinesterase inhibiting amount of a compound of the formula: 



O Rl 

II I iV\ 
Ar_c — (CH)n— Y' 
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wherein n' is an integer from 1 to 10; nnay be different from one another in repetition of n'; Y* is an 
optionally substituted amino group or an optionally substituted nitrogen-containing saturated 
heterocyclic group; and the other symbols have the same definitions as in claim 1 , or a pharmaceuti- 
cally acceptable salt thereof and a pharmacologically acceptable carrier. 

29. A cholinesterase inhibitory composition which contains an effective cholinesterase inhibiting amount of 
a compound of the formula (I) as claimed In claim 1 or a pharmaceutically acceptable salt thereof and a 
pharmacologically acceptable carrier. 

30. A pharmaceutical composition as claimed in claim 28, in which the disease is senile dementia and/or 
Alzheimer's disease. 

31. A pharmaceutical composition as claimed in claim 29, in which the disease is senile dementia and/or 
Alzheimer's disease. 

32. A method of treating a disease caused by cholinesterase activity which comprises administering a 
therapeutically effective amount of a compound of the formula (1') as claimed in claim 28 or a 
pharmaceutically acceptable salt thereof, together with a pharmaceutically acceptable carrier to a 
mammal suffering from such disease. 

33. A method of treating a disease as claimed in claim 32, in which the disease is senile dementia and/or 
Alzheimer's disease. 

34. Use of a compound of the formula (I') as claimed in claim 28 or a pharmaceutically acceptable salt 
thereof, as a component in the preparation of a cholinesterase inhibitor. 



126 



J 



® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(J) Publication number: 



0 607 864 A3 



® 



EUROPEAN PATENT APPLICATION 



<2j) Application number: 94100403.8 
@ Date of filing: 13.01.94 



® Int. CIA C07D 209/56, A61K 31/445, 
A61K 31/495, C07D 209/86, 
C07D 471/06, C07D 487/06, 
C07D 223/18, C07D 455/04, 
C07D 401/06, C07D 273/06, 
C07D 307/91, //(C07D471/06, 
221 :00,209:00),(C07D487/06, 
223:00,209:00), (C07D471 /06, 
223:00,221:00) 



@ Priority: 18.01.93 JP 5535/93 

13.07.93 JP 173287/93 
27.09.93 JP 239672/93 
30.11.93 JP 299827/93 

@ Date of publication of application: 
27.07.94 Bulletin 94/30 

® Designated Contracting States: 

AT BE OH DE DK ES FR GB GR IE IT LI LU NL 
PT SE 

@ Date of deferred publication of the search report: 
12.10.94 Bulletin 94/41 



© Applicant: Takeda Chemical Industries, Ltd. 
1-1 Doshomachi 4-chome, 
Chuo-ku 

Osaka-Shi, Osaka 541 (JP) 



® 



® 



Inventor: Goto, Giichi 
6-11, Kofudai 5-chome, 
Toyono-cho 

Toyono-gun, Osaka 563-01 (JP) 
Inventor: Ishihara, Yuji 
14-8, Aza-nobatake, 
Yamada 

Itami, Hyogo 664 (JP) 
Inventor: Hirai, Keisuke 
9-3-312, Takawashi 4-chome 
Habikino, Osaka 583 (JP) 



Representative: von Kreisler, AIek, 

Dipl.-Chem. et al 

Patentanwalte 

von Krelsler-Selting-Werner 

Bahnhofsvorplatz 1 (Deichmannhaus) 

D-50667 Koln (DE) 



@ Tricyclic condensed heterocyclic compounds for the treatment of senile dementic. 



CO 
< 

CO 
00 

o 

CO 



@ A novel compound of the formula: 



O 



I 



Ar— C— (CH)n-Y 



(I) 



wherein Ar represents an optionally substituted tri- 
cyclic condensed benzene ring group which includes 
at least one heterocyclic ring as a component ring; n 
represents an integer from 2 to 10; represents H 
or an optionally substituted hydrocarbon group, 



which may be different from one another in the 
repetition of n; and Y represents an optionally substi- 
tuted 4-piperidinyl, l-piperazinyl or 4-benzyl-1- 
piperidinyl group, or a salt thereof, inhibiting ex- 
cellent cholinesterase inhibitory activity and mon- 
oamine reuptake inhibitory activity, thus being useful 
as therapeutic and/or prophylactic medicaments of 
senile dementia. 



Rank Xerox (UK) Business Services 

(3. 10/3.09/3.3.4) 



Europeiu, Patent PARTIAL EUROPEAN SEARCH REPORT 



Office 



Application Number 

which under Rule 45 of the European Patent Convention CP 94 10 QdO^ 
shaJI be considered, for the purposes of subsequent ^ ^^^^ 

proceedings, as the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category! Citation of document with indication, where appropriate, 
of relevant passages 



INC^)^ 539 (ALDRICH CHEMICAL COMPANY, 

* column 13, line 34 - line 68; example 6 

* column 19 - column 20; examples 13-14 * 

CHEMICAL ABSTRACTS, vol. 101, no. 3, 
16 July 1984, Columbus, Ohio, US; 
abstract no. 23414f, 

P. KUMAR ET AL. * Phenothiazine derivatives 
as anti Parkinsonian agents' 
page 596 ; column 2 ; 

* abstract and Chemical Abstracts: 
CHEMICAL SUBSTANCES, 11th Collective 
Index, vol. 96-105, 1982-1986, pages 
54818CS and 54858CS, RN [89516-41-6], 
[89516-45-0] and [89516-44-9] 

& INDIAN J. CHEM., SECT. B, 
V01.22B, no. 9, 1983 
pages 952 - 954 



-/- 



Relevant 



to daiin 



CLASSIFICATION OF THE 
AFPUCAnON (IntCLS) 



1-6 



1-6 



C070209/56 
A61K31/445 
A61K31/495 
C07D209/86 
C07D471/06 
C07D487/06 
C07D223/18 
C07D455/04 
C07D401/06 
C07D273/06 
//(C07D471/06. 

221:00, 

209:00), 

(C07D487/06, 

223:00, 

209:00). 

(C07D471/06, 

223:00,221:00) 



TECHNICAL FIELDS 
SEARCHED ant.CI.5) 

C07D 



INCOMPLETE SEARCH 



Jhfnr^^J^ T f""""*" P'*""* European patent application does not comply with 

ITJ^n Jli i'lr^r'T?/""* Convention to such an exteSt tbat it is not po«ibIe^^ Srry 

S!S "wne of the claims 

Claims searcfaed completely : 

Claims searched incompletely : 

Claims not searched : 

Reason for the limitation of the search: 



see sheet C 



Place ar«e«ck 


DKc of GBB^etioa of tM ttmk 




THE HAGUE 


27 July 1994 


Fink, 0 



X : particularly relevant if taken alone 

Y : particulariy relevant if combined with another 

document of the same category 
A : technological background 
O : non-written dtsdosurv 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document dted in the application 
L : document dted for other reasons 



A I monber of the same patent family, corressondins 
document 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 

EP 94 10 0403 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



D.Y 



Citation of document with indicadon, where appropriate, 
of retevant passages 



CHEMICAL ABSTRACTS, vol. 53, no. 22, 
25 November 1959, Columbus, Ohio, US; 
M. BRUNAUD ET AL. 'Adrenolytic activity of 
various phenothiazine derivatives' 
column 22521A ; 

* abstract and Chemical Abstracts: 
SUBJECTS, 6th Collective Index, vol. 
51-55, 1957-1961, page 9512s, RN 
[113927-23-4] * 

& J. PHYSIOL., 
vol.49, 1957. PARIS 
pages 67 - 70 

FR-A-2 106 515 (RICHARDSON-MERRELL INC.) 

* page 14; example 8 * 

EP-A-0 487 071 (TAKEDA CHEMICAL 
INDUSTRIES, LTD.) 



* page 82 - page 83; claim 1 * 

* page 61 - page 62; example 6 * 

* page 65 - page 66; example 13 * 

* page 1, line 1 - line 3 * 

EP-A-0 517 221 (HOECHST-ROUSSEL 
PHARMACEUTICALS INCORPORATED) 

* page 12; claim 1 * 

* page 10 - page 11; example 6 * 

* page 5, line 21 - line 24 * 



-/-- 



Rdevaot 
to < 



1-4 



1.2 



1-3,7-9, 
11, 

13-15, 
21-25,34 



1-3,7-9, 
11. 

13-15, 
21-25,34 



CLASSIFICATION OF THE 
APPUCATION aat.CLS) 



TECHNICAL HELOS 
SEARCHED (lDt.a.S) 



J) 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT AppUcation Number 

EP 94 10 0403 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



EP-A-0 296 560 (EISAI CO.. LTD ) 

page 102 - page 103; claims 1.13-15 
page 41 - page 42; examples 11-12 * 
* page 78; example 166; table 8 * 
page 81; example 176; table 8 * 
page 90; example 199; table 9 * 

CHEMICAL ABSTRACTS, vol. 116, no. 9, 
2 March 1992, Columbus, Ohio, US; 
abstract no. 83548x, , 
G. GOTO ET AL. 'Preparation of piperidine 
derivatives containing aminonaphthyl 
groups as brain function improvers.* 
page 806 ;column 2 ; 
* abstract * 

4 JP-A-03 223 251 (TAKEDA CHEMICAL 
INDUSTRIES, LTD.) 2 October 1991 



Relevant 

to I 



1-25.34 



CLASSmCATIOIS OF THE 
APPUCAnON ant.Ct5) 



1-25.34 



TECHNICAL FIELDS 
SEARCHED (IntQ-S) 




EP 94 10 0403 
-C- 



Remark: Although claims 32,33 

are directed to a method of 
treatment of (diagnostic method 
practised on) the human/animal body 
(Art. 52(4) EPC) the search has been 
carried out and based on the 
alleged effects of the compound/ 
composition 
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